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Masoneilan Controls... are in 
practically every major pipe line 


where controls are used ...are 





helping to keep petroleum prod- 


ucts ieiving for victory. The wide selection of / a 1. 
hay 


Masoneilan equipment for over 110 stations” is a 


ample proof that Masoneilan Controls meet all 


pipe line operating requirements. \, & 


Sturdy, dependable, and accurate, Masoneilan 
control equipment is also meeting the requirements 


of other phases of the petroleum industry. = th: 
4 We suggest that you investigate Masoneilan Controls. 


A Our engineers are available for consultation. 4 
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a THE jet-propulsion engine, mechanics may 
) have taken up some slack in the diminishing oil 
"supply. An airplane so powered has been brought 
q to such perfection that the engine is considered 
: successful, Too little is known of its 
fuel source and its fuel consumption 
to speculate on savings. But the 
principle of the explosion of the 
- rocket for driving a machine elimi- 
| hates gears and drive shaft. 
| The new engine is called one of jet propulsion 
as distinguished from the rocket for the reason 
' that it draws oxygen from the atmosphere while 
| the rocket has all elements of combustion in its 
' chamber. 


j Rocket 
Principle 


So far no details of fuel have been given other 
than the statement that jet propulsion is from 
combustion of gases. That these may be from pe- 
troleum is possible; that they must be wholly pe- 
troleum is doubtful. Jet propulsion may widen the 
fuel field into chemicals whose explosive qualities 
match the power of gasoline. TNT, in part petro- 
leum, may become a power source. Gunpowder 
may be harnessed to an engine and made to serve 
mankind for transportation. 

All of this is speculation. Secrecy demands that 
details of the jet-propulsion engine be limited. But 
those who decry the dwindling supply of petro- 
leum can find some comfort in the fact that an 
airplane has been darting through the skies with- 
out benefit of propellor; instead, violent exhausts 
from a new engine have kept it aloft. 

In such the inventor has turned something old 
into something new, for power of the rocket has 








long been known and frequently used. As a missile - 
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it is inaccurate, although of long range and deadly 
explosive power. The wings and tail assembly of 
the airplane give the rocket accuracy and high 
speed. 

If it can accomplish these things in the air it 
can give part of them to the automobile. 

Oil may come to exhaustion but transportation 
will not cease until men fail to adapt old knowl- 
edge to new machines. 


IF DOLLARS, Canol exceeds coal synthesis by 
$100,000,000. In rash and useless spending of pub- 
lic funds it is no more foolhardy to spend money 
piping Fort Norman oil to Whitehorse than it is 
to spend money building plants for 
learning how to convert coal to 
liquid fuel. 

In Canada useless dollars were 
spent for the reason that the same 
amount of gasoline could have been provided 
quicker and at lower cost from other sources. In 
the federal legislation, already approved in the 
Senate, the proposal is to spend dollars to learn 
what scientists working in private enterprise al- 
ready have learned. 

Motor fuel in both Germany and England is 
being made by hydrogenation of coal. Still the pur- 
pose of the bill introduced by Senator Joseph 
O’Mahoney is to “furnish industry the necessary 
cost and engineering data for the development of 
a synthetic liquid fuel industry.” 

The methods being used in Europe are known 
in the United States. Scientists of the petroleum 
industry, as hearings before the Senate sub-com- 
mittee on public lands and surveys established, 


= 
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About 
Face 











know how to convert coal into liquid fuel. The 
spending of $30,000,000 will not give the industry 
additional knowledge. 

Backers of the move say they do not intend to 
put the government in competition with private 
industry. If not, $30,000,000 is an expensive ap- 
proach to giving industry some technical knowl- 
edge it already has. 

The peculiar condition is that Harold L. Ickes 
bore down heavily on the Army for its Canol ex- 
penditure, although he now backs the measure 
by which the United States Bureau of Mines would 
conduct its $30,000,000 experiment. 


oa for the elaborate publication “Sword of 
Today,” was given in this sentence from its fore- 
word: “In the final analysis Shell is nothing more 
or less than a group of individuals, men and 
women, doing widely diversi- 
fied types of work .. .” Thus 
the president of Shell Oil Com- 
pany invited fellow employees 
to turn pages and learn what they are doing. 
Otherwise how can the man at the atmospheric 
stills realize that elsewhere in that plant a small 
part of the oil he processes is to become allyl alco- 
hol, which becomes part of a harmless sedative, 
which assures sleep for jittery bomber pilots. A 
hundred men may realize that the large flare no 


For Home 
Consumption 


longer burns on gases from the cracking units, but 
it takes simple language to inform them that the 
gases now are processed to become part of avia- 
tion gasoline. 

In words and appropriate illustrations the book 
uses the accomplishments of war products as as- 
surance of better products for peace. In telling 
all of this to the men and women of the Shell 
organization, it provided material to be retold 
outside of the petroleum industry. 

All in all “Sword of Today” is a good job of 
public relations work, simply because it is an ex- 
cellent job of intra-company relations. 


ae the refining industry thus far has 
not come to grips with the government on the 
issue of renegotiation, it is possible this may hap- 
pen. Other manufacturers are meeting with an at- 
titude which can be made to carry 
desirable public appeal regardless 
of its detriment to effective man- 
ufacturing. 

Renegotiation of contracts has 
two divisions, one wherein prices are not uniform 
and there is no experience in estimating or plant 
procedure; the other wherein prices are identical 
and the difference is that one manufacturer can 
make excellent profit while another makes lim- 
ited profit. 


Reward to 
High Cost 
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In the latter class the excellent profit results 
in most instances from effective management and 
skilled labor. Another plant, having neither sound 
management nor skilled labor, shows only normal 
profit. Under renegotiation of contracts the gov- 
ernment goes to the efficient manufacturer and 
demands lower cost of finished materials. The in- 
efficient manufacturer, having only ordinary 
profits, does not face renegotiation of contract. 

The effect in such instances is to punish effi- 
ciency and to reward inefficiency. In too many in- 
stances the manufacturer with low cost to his 
credit simply neglects his methods and permits 
costs to rise to match those of less effective 
competitor. 


Regardless of what close study reveals, the 
agency of government can make its attitude draw 
high public praise by crying out for saving public 
money. In part renegotiation under these circum- 
stances amounts to approval of inefficient manu- 
facturing methods. 

High costs and carelessness do not draw inves- 
tigation. Low costs are the target of renegotiation. 


. STILL seems preposterous to give attention 
to the shift back to civilian production when the 
major engagements of the United States are yet 
to be fought. Such, however, is the situation but 
it offers no change for oil. The 
mounting demand for petroleum 
products will continue so long as 
the major military engagements are 
yet to be fought. 

Only recently the War Production Board took 
action to permit the manufacture of more flatirons 
and more bathtubs and explained: 


But Not 
For Oil 


“Tt is possible that war production demands by 
the middle of 1944 will have diminished in certain 
fields of production so that a number of other 
items of civilian goods can be put into production.” 

This prospect speaks well for industry. In gen- 
eral its record is sufficient material in ample time. 

For petroleum, especially for refining, enough 
and in ample time is yet to be recorded. It must 
complete more than 30 additional high-octane 
gasoline plants within two months and another 22 
during the year. These are calculated to provide 
fuel sufficient for all the machines created by 
industry. Thus far refining has produced more 
high-octane motor fuel than was anticipated, the 
result largely of converting conventional equip- 
ment to the making of exceptional products. 

Now it is bringing its 94 complete 100-octane 
aviation gasoline plants into production. Nothing 
out of them will be diverted to civilian use until 
Amercan airplanes dominate the skies over Eu- 
rope as well as areas of the Pacific. 
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Thiophenol in Cracked 
Gasoline 





G. S. WINDLE, The Bahrein Petroleum Company Limited 


x THE refining of Bahrein cracked naphtha to 
produce sweet, color- and gum-stable gasoline, sev- 
eral problems of unusual technical interest presented 
themselves. These problems arose in part from the 
presence in the raw naphtha of an acidic sulfur com- 
pound (identified as thiophenol) which precluded 
the production of a stable sour gasoline and which 
introduced complications in the lead-sulfidé-sweet- 
ening operations. It is the purpose of this paper to 
review the problems encountered, particularly those 
relating to the presence of thiophenol, and to report 
the steps taken for their solution. 

The refinery facilities pertinent to the discussion 
comprise two Dubbs thermal-cracking units, a ther- 
mal reformer, a sulfuric-acid treating plant, fraction- 
ating columns for depentanizing the raw cracked and 
reformed naphthas, a clay vapor-phase rerun unit, 
caustic scrubbers for removing hydrogen sulfide 
from the clay-treated naphtha and a _ lead-sulfide 
plant for final sweetening of the caustic-treated ma- 
terial. 

The depentanized cracked naphtha is acid-treated 
with about 3 pounds of 66°Be’ sulfuric acid per 
barrel in 2-stage counter-flow equipment. The acid- 
treated depentanized naphtha together with the 
pentane - hexane cut resulting from the previous 
fractionation operation is contacted with activated 
fuller’s earth in the vapor phase at a pressure of 12 
to 15 pounds per square inch gauge. The resulting 
gasoline is caustic washed and finally sweetened by 
contacting in the presence of dissolved air with caustic 
solution containing suspended lead sulfide and dis- 
solved sodium plumbite as described by Altshuler 
and Graves." 

The reformed naphtha before stabilizing is clay 
treated in the vapor phase at system pressure, about 
190 psi gauge. The clay-treated stabilized product 
is blended with a light straight-run gasoline pro- 











TABLE 1 
Inspections of Charging Stocks and Raw Products 
Raw Reformed 
Residuum Naphtha + 
Crude Charged to Cracked | Light Straight 
Oil Cracking Units} Naphtha Run 
Gravity, °API 33.5 18.5 61.0 64.7 
Percent, Sulfur... .. . ; 1.8 3.1 0.12 0.018 
Percent, Mercaptan Sulfur... .. aes seh 0.025 0.008 

Viscosity, SSU at 100° F.... , 46 seals sks ae 

Viscosity, SSU at 130° F.. . bd. 350 sia a 

ASTM Distillation... .. re sigs D-86 D-86 
if | eae ; 130 494 105 104 
oe RTE bind 105 596 138 127 
_ « SBS op ee 235 see 153 136 
20%... 327 172 149 
50%... ....| 600 248 195 
90%..... 344 277 
3 Rene oe 685 386 328 
Ve ST 98 98 
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, ners has been isolated from cracked naph- 
thas produced from Bahrein and Arabian crudes. This 
aromatic mercaptan interferes with smooth sweetening 
operations due to the insolubility of its lead salt in 
both caustic and gasoline. Removal of thiophenol from 
the sour naphtha is readily accomplished by pretreat- 
ment with caustic soda, provided hydrogen sulfide is 
| previously removed. 
| Thiophenol oxidizes readily to diphenyl disulfide but 
is precipitated preferentially in lead-caustic sweeten- 
ing processes, precluding the presence of measurable 
concentrations of the disulfide in sweetened gasoline. 
Both thiophenol and diphenyl disulfide are more 
detrimental to gum and octane stability of highly 
cracked gasolines than aliphatic’ mercaptans or disul- 
fides, indicating the desirability of removing thiophenol 
from gasolines which are to be marketed unsweetened. 


| 








duced on the crude units and likewise is sweetened 
by the lead-sulfide method. 

The properties of the crude oil charged to the re- 
finery, the cracking plant feed, and the cracked and 
reformed naphthas are illustrated in Table 1. 


Isolation and Identification of 
Thiophenol and Diphenyl Disulfide 

A typical sample of caustic from the cracked 
gasoline caustic scrubber was acidified in the labora- 
tory with hydrochloric acid and steam distilled. The 
distillate comprised two layers: an upper water layer 
and a lower “acid oil” layer identified as thiophenol 
from the following properties: 











Isolated Ties 
Acid Oil CeoHsSH 
Molecular Weight. FEF MEE Shp ph ee RE © 110 (est.) 110.11 
TT So oils wi wig nd kiwi «pada ine pebble 338 336-7 
MINIS (8 os ie ws oct bs scamles acl ean ts aunteukees 1,02-1.05* 1,078 
) SRR rr a rem ens meet nse ar 29 29 














*Aliphatic mercaptans in the isolated oil with specific gravities in 
the range of 0.83 to 0.86 probably account for the lower gravity than 
that of the pure aromatic mercaptan. 


Qualitative tests showed that the isolated acid 
was soluble in caustic soda, was readily oxidized 
by iodine and formed a yellow colored precipitate on 
contacting with silver nitrate or doctor solutions. 
These qualitative tests likewise are consistent with 
the properties of thiophenol. 


Following the distillation a non-volatile “neutral” 
oil layer was observed as a residue in the still. This 
material was identified as diphenyl disulfide from 
its sulfur content of 28-29 percent, the fact that it 
was a solid below 120-140° F., and the fact that 
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TABLE 2 


Redistillation of Clay Vapor Treated Gasoline for Separation of 
Fraction Containing Thiophenol 














SIIEMUIN <0. 0: k.c.c alin Sab bs Weber dae es 1 2 
Whole CVT Gasoline 
After First Stage Overhead Cut After 
NaOH Just Prior to _Redistilling Whole 
STOCK NaOH Rej line (Fire Only)* 
Test 
Tnductin o).. , a aaa ps : 
um (Copper . mes C.c. ve 
a igh Na i 
Te rs cna slenighs epavedpeses 114 °F. 120 °F. 
a PUP ee PAL ERGE Es vase es oos Noe ecses 140 °F. 142 °F, 
RE ee tee ee ed 6 obs aleve bow o 4 153 °F. 152 °F, 
he a a ae ae os 172 °F. 167 °F. 
sss waop 248 °F. 218 °F. 
ec eck eu os otc os RARE 344 °F. 291 °F 
ae sak bacau 386 °F. 331 °F. 
RSG era - aed 98% 98.5% 
LE EEE 0.0202% 0.021% 
Qualitative Tests for Thiophenol: 
Color Reaction with AgNOs.............. White White 
Color Reaction with AgNOs on ‘Standing . P Yellow White 
Color Reaction with AgNOz Doctor Solu... | Yellow after 5 minutes|/Pale Yellow in 30 


minutes 
Sample brown after 18 
minutes 
Clear with heavy 


After Standing 24 Hours................. 
brown deposit 


Slightly hazy pale 
yellow slight yellow 


ppt. 
over—Still temp. 362 °F. 














*NOTE: Recovery on still = 98% 
—V. L. Temp. 328 °F. 


Still shut down when 78% 


upon reduction with zinc dust and glacial acetic 
acid, thiophenol was formed, Presumably the di- 
phenyl disulfide was formed by oxidation of thio- 
phenol by air contacting either the caustic solution 
prior to the distillation step itself or by air entering 
with the steam during the distillation. The oxidation 
of thiophenol to diphenyl disulfide by air in caustic 
solution is comparatively rapid as reported by Xan, 
Wilson, Roberts and Horton.” 

In further demonstration of the presence of thio- 
phenol, samples of naphtha at several stages dur- 
ing refinement were caustic treated and the caustic 
extracts were acidified and steam distilled in the 
laboratory as above. These tests yielded the follow- 
ing as typical figures: 











Naphtha Thiophenol Content (Percent by Weight) 
Raw depentanized cracked naphtha. 0.026 
Pentane-hexane cut from cracked naphtha 0.0002 
Acid-treated depentanized cracked naphtha 0.004 
Clay vapor-treated naphtha. .... ; .. 0.005 
sulfide sweetened gasoline. . nil 
Reformed gasoline before caustic wash 0.0014 








It will be noted that these analyses again are con- 
sistent with the properties expected of thiophenol, 
the figures indicating partial removal by mild acid 
treatment of naphtha, conversion of diphenyl] disul- 
fide formed in the acid treatment to thiophenol upon 
high-temperature clay contacting, and complete ab- 
sence of the compound in sweetened gasoline. 


treated gasoline was fire distilled in the laboratory to 
a vapor line temperature of 328° F. Thiophenol was 
thus rejected in the bottoms fraction, Table 2 shows 
briefly the inspections obtained and notes the effect 
of this operation on copper-bowl gum content. Also 
shown are descriptive notes of contacting tests used 
for detecting relatively the presence of thiophenol. 
It will be noted that the redistilled product not only 
contained much less copper-bowl gum but showed a 
marked reduction in thiophenol sulfur, although the 
overall mercaptan sulfur content remained essentially 
unchanged. 


Effect of Thiophenol and Diphenyl Disulfide on 
Gasoline Quality 


Three cracked-naphtha samples were removed 
from the caustic scrubber during periods when the 
caustic was largely spent in neutralization of hydro- 
gen sulfide, and were analyzed in the laboratory 
for acid oil by contacting with excess caustic, acidifi- 
cation of the caustic, and steam distillation, as above. 
The acid oil content of the three samples were 
0.001, 0.0025, and 0.0053 percent by volume. The 
gasolines, before and following caustic washing for 
determination of these acid oil contents were sub- 
jected to tests with and without inhibitor addition 
as shown in Tables 3 and 4. The response to inhibi- 
tors as measured by induction period is shown to 


TABLE 4 
Effect of Naturally Occurring Acid Oils on Peroxide Number, 
Inhibitor Susceptibility, and Color of Cracked Gasoline After 
Storage for 43 Hours at 154° F. 

















| Acid Oil | 
|U.0.P. No. 4; Content, | Original |Saybolt Color; Peroxide 
Sample No. | Inhibitor, cc./100 cc.| Saybolt After Number After 
(See Table 3) Percent Wt. Gaso. Color Heating Heating 
a | Nil 001 +30 — 
.0005 .001 +30 +18 0.41 
001 001 +30 +23 0.30 
See Nil Nil +30 | hae — 
.0005 Nil +30 +27 0.30 
‘ 001 Nil +30 +26 <0.01 
ECD eS Nil .0025 +30 +16 5.1 
.0005 .0025 +30 +18 2.2 
.001 .0025 +30 +15 1.5 
| er | Nil Nil +30 +21 4.1 
| .0005 Nil +30 +27 0.43 
.001 Nal Nil 19 +30 +29* 0.24 
r {| Nil + .01% 
Nil \|Neutral Oilst} +30 +8 49 
| .00025 "i +30 +19 2.2 
5 Nil 0053 | +30 +21 3.7 
0005 0053 | +30 +19 15 
| .001 .0053 +30 +21 1.0 
16 a Ni | +30 +28 24 
| 0005 Nil +30 +26 0.37 
| 001 Nil | +30 +29 0.20 
| 














* Neutral oils (essentially diphenyl disulfide) obtained by acidifying spent caustic, petro- 
leum ether extraction, removal of unoxidized acids with caustic soda from the extract, and 
evaporation of the petroleum ether. 
















































































In another experiment a sample ot clay vapor t Acid oils removed by fresh caustic washing the sample immediately preceding. 
TABLE 3 
Influence of Recovered Acid Oil on Gum, Induction, and Inhibitor Susceptibility 
Sample No... | 1 | 2 | 3 | r 5 | 6 
| Acid Oil Content | | Acid Oil Content 
Base Stocks CVT Gasoline After First | .001 ce./100 cc. Acid Oil Content | = .0025 cc./100 ce. Acid Oil Content Acid Oil Content Acid Oil Content 
Stage Caustic* Gasoline Nil Gasoline Nil -0053 cc./100 ce. Nil 
k: Sample No. 1 Caustic Sample No. 3 Caustic Sample No. 5 ; Caustic 
Treatment....... Washed in Laboratory Washed in Laboratory Washed in Laboratory 
wen Ca. Bowl Ind. Cu. Bowl Ind. Cu. Bowl Ind. Cu. Bowl Ind. Cu. Bowl Ind. Cu. Bowl 
UOP No. 4 Inhibitor % Wt. (Hrs.) |Gum (mg.)| (Hrs.) (Gum (mg.)| (Hrs.) |Gum(mg.)} (Hrs.) |Gum (mg.)| (Hrs.) |Gum(mg.)| (Hrs.) |Gum (még) 
— eee ans 23% 14 24% 2314 24% 1% 64 1% 4% 
00025... aioe 2 54% 2% 3% 11% 434 14 2% e 44 5% 
0005. . . . 6% 1% 44 15 634 2 234 44 5% 
he a Sample 8 2 5% 14% 7% 1 3% 436 5% 4 
EE aia od bu SS ER DW Redes wEee tees 104% 2 6 11 1034 1 44 44 8 6% 
NOTE: *Increasing acid oil contents resulting from progressive reduction in efficiency of plant caustic to remove acid oils due to H2S absorption. 
84 {42} Petroleum Refiner—V ol. 23, No. d 
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Ws Absorption in Cracked Gasoline 
ect MID OTs on te ab yo cen Cae tate SWEETENED CRACKED GASOLINE 
USTIC—Availability, Percent. . 71.5 (1) 54.7 34.7 8.4 
Iso om, ieee oR 10.9 : 9.1 8.9 8.4 Lk pe Tear Foy es 121-2857 
sed — eee 0.134 0.028 Nil Nil Treatment in Laboratory.....................- None ewok Faryad d 
r) en 
* EE Sagi 2k.icebonxauecsh 0.211 0.278 ches ae Hse 
niv 
> 8 pansy Va _ —_— 7 — EGET RR RA Sea MN 0.49 Ce it 
da | IER SAES FE 0.52 0.48 0.44 Nil Mercaptan Sulfur, %.............-2.eeeeeeee None 0.028 None 
CG Bh pee Veetle....-.-.-. ne eines = nce se = bie Mk ee 0.04 0.07 0.07 
ly Me ict ieee. 0.90 0.92 0.92 0.36 ASTM Gum, Mg./100 ce...................++ 1 tees vies 
GASOLINE: ~— Dish Gum: 
Percent RSH sul..............- 0.024 0.030 0.037 0.086 ithout Inhibitor...................-.2045- 74 191 
Color—Saybolt................ +30+ +30+ +30+ +29 (3) With 4 UF 5 re re 10 41 24 
1 Pb (Ac)2 Test (2).............. Neg. Neg. Very Sl. Pos. Pos. With 0.010% UOP #4............... 20.0055 8 103 53 
Peroxide No.—2 weeks... ...... 1.0 1.3 2.6 9.2 With 0.0067 UOP #5. ........ 0.20. eee sees 6 266 66 
Copper bowl uninhibited........ 2,2 3,2 4, 6 703; 637 Oxygen Bomb, Ind. Per (Mins.): 
Color (s)............ OY aor ia ahs +24 Wie ane BOE # "Sa iamebplcaameaavacae 4 2 fo 
| LR spdheamnbtenedosc Mirae - piled he With 0.010% VOR ga. 580 155 435 
“a ere sag sone gia eee 2 ae a a, > Bbpoete soakatct: 
the Copperbowi +.01..UOPNo.i..) —.... 3,4 4,5 447; 481 octane Number Ma RBiaie- csontmamasinrnap i ss ms 
r REA CA ES ae Je fe eum opens eae are 
ee eb aambaiatianad 45 55 430: 400 bo > pepheimanemnsat iterate: 76:8 75.2 75.8 
TY ana aes axe we hye pak 23 Reid Va t Pressure, Lbs EE LRT RE rs 9.7 9.9 9.8 
ifi- Induction + .001.. UOP No. 4 ws is “e ¥ MR eaihistnas ig-canvasenertees os a B 
vi - eredeagagerananromaeneanee - _ a " RRR SRR aS 133 128 
: SRP ROR Bas at erase: 146 147 143 
cre NOTES: (1) Second stage caustic from clay treated gasoline rundown tank, 507% oe 250 253 247 
‘he (2) H2S removed (before other tests run) with CdCle or by refluxing. . 90% Poe e cece tree cece cere esecaeseeeestenes 358 359 355 
a (3) Original color of +29 reduced on standing 2 days presumably due to oxi- 957%. gute geescesrenerecaceeeyeesenseseoes 386 386 376 
tor dation of the mercaptan to disulfide. 0 ed CoS 400 400 399 
1b- 
‘on be a function of acid oil content. Of particular in- NOTE: *Courtesy of Universal Oil Products Corp., Riverside, Ill. 
bi- terest is the indication that peroxide growth oc- 


to curring at slightly elevated temperatures (154° F.) neutral oils in concentrations likely to be encountered 
appeared also to be a function of acid oil content in plant operation, The peroxide numbers shown on 
and that the ability of a potent gum inhibitor to Table 4 were determined by oxidation of ferrous to 
er, B prevent rapid peroxide growth is reduced markedly ferric sulfate and titration of the’latter with titanous 

































































. by the presence of acid oils or the corresponding chloride as described by Yule and Wilson.® 
ey TABLE 7 
le Effect of Sulfur Compounds on Quality and Stability of Bahrein Reformed Gasoline 
\fter Comparison of Butyl Mercaptan and Disulfide with Thiophenol and Dipheny! Disulfide 
ig =— ==. 
! | 
Sample No............... : PO haan Oe. 2 3 4 5 6 7 8 9 10 
Benzene, cc./1 (2).......... ras Nil 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 12.8 
Butyl Mercaptan Sulfur % Wt... ; ‘3 sis .03 pees eee ais la sir a .03 ye FS ods 
Phenyl Mercaptan Sulfur % Wt... .... a eee Wowie .03 jam bah Pe Pa ae .03 AS 
Neutral Oil Sulfur % Wt... . acid ; ond ee Lanes hes ee .03 ies Peet ie vars .03 -uhu 
Butyl Disulfide Sulfur % Wt. } le. sal nas .03 ee ee s Sue ae 03 
a eeaneotabenebas aa eects : a Seeneenatnes 
UOP No. 4 Inhibitor % Wt... . | .002 .002 .002 002 002 
Gravity... op pe ; 64.6 or “ee aes cae ae a Toe er hae Bt, 
Color... . ; bake ; ; +30 +30 +30 +30 +26 +28 +30 +30 +30 +26 +28 
Sulfur... . : 017 .019 046 044 047 .040 016 .042 045 046 041 
Doe. ; ; Soray , tere) ae Neg. Pos. Pos. Neg. Neg.” coke cone bons ye" mpc. 
Exagg. Doc... . . Fae esa ee ; Neg. Neg. eer EEE: Maa ae Sy eae igs ay AS re panna 
Induction . ee : 2% 1% 1% 1% 1% 2 1234 734 3 4 13 
ASTM Gum ae Oh ath ww = 0.6 0.4 ree 8 2.0 0.6 0.4 Wee's 3.6 1,4 0.8 
Atlantic Gum.... eovredcG —_ Se 2 2 51 21 Black 2% 3 3 28 Dark | 25 Black 2 
R.V. Press...... vis tele isedd old gh bas Melee tees 7.6 7.3 baat siotais ee bats Poa pean ohas sled ori 
a eee OK OK OK OK OK OK tee F st yer Sah 
Copper Dish Corrosion Test, S. O. 65.0. . ¥ : sed Pee, eee OK(‘) Bad(3) neal ats, Wea! OK(4) Bad(3) 
ASTM Distillation: } 
Start...... ; Bed 103 106 
ae seksebocakes 128 | 126 
10% Sinan 138 134 
20% 152 146 
50% 198 192 
— 90%... x eee 276 
tro- SE RRR TT Hie! PUT EUR | 332 325 
and Lee iki aa ee Nie ig oe rated Mek inf 4 . so 98.0 bees + sible ae Pe 
Octane after addition of TEL ce./Gal.- | 
... Re re ee eit sehis sine 71.0 we Bice bias Bas 70.8 70.6 71.0 69.5 69.1 
1, NS : Bhives BM heh Paes RO * nares sia athe waded salts Mes 80.4, 78.3 beans 77.3 76.9 78.0, 78.1 
Bee *e Webaa Be thE Ps ey erie ee we! caw wae re 81.3 as 80.2 80.4 80.2 
as. ; - iE arian cha tenenes by ete ayy eye i telat lias ii 83.1 81.8 81.2 81.8 81.6, 81.8 
Mercaptan Sulfur % Wt.: 
a4 (After Standing) (5) } 
ne PMNS Gl koh atc abd root dees eawees | -0004 
(Doc. Neg.) 
NR nc cotta ets tuna cc eta ead es | mee 0.03 Bow 0.03 0063 
t : | 
Time Storage @ 140 °F.()..... ee aa Color| PN |Color| PN |Color| PN |Color| PN |Color| PN |Color} PN |Color| PN |Color| PN |Color| PN |Color} PN |Color| PN 
stic 0 Days Aug. 6, 1942..... REE eS .....e.e| +80} 0.39} +30] 0.08) +30) 0.17) +30] 0.61) +26} 0.21] +28] 0.43] +30} 0.22) +30) 0.22) +30) 0.57) +26] 0.20) +28) 0.32 
ory Se ; AA ETE TE Tee. +28) 1.35] +28) 0.63) +28) 0.40) +24) 3.4 | +23] 0.86] +28] 1.4 | +28) 0.36] +29) 0.28) +24) 2.45) +24) 0.32) +21) 0.39 
> ASS eer Ren Re A ee ce veseees| $20) 4.0 | +24] 2.7 | +19] 2.0 | +17] 5.7 | +19) 3.4 | +24) 3.9 | +24) 0.32) +25) 0.23 z : 3.1 | +18) 0.42) +18) 0.48 
wi n 
$.) ON AS reas Oe eee sky eh ends gees] eS AS 1.443 2.85]..... 2.05]..... Eee S48 103; | BP 0.37]..... 0.41)..... | TE ares 0.63)..... 0.59 
— OS ie og cate rs od ste afin Wid sae mantel +17) 7.2 | +19] 3.8 | +15} 3.1 | +13/11.3 | +14) 4.5 | +18) 6.0 | +21) 0.49) +20) 0.49 x3 3.5 mi 1.05) +16) 0.71 
RE Ne RRP a LON Oe an NE ae +16|12.3 | +18) 8.2 | +10} 4.0 | +13]16.4 | +12) 8.2 | +16) 7.5 | +19) 0.50] +17] 0.50 Tak 6.2 Mex 1.7 | +15) 0.83 













































































NOTES: (1) No. 1A is split sweetened reformed-light straight run blend taken during transfer Aug. 4/42 @ 10 a.m. The various additions of sulfur compounds were made 24 hours 
after collection of sample. - (2) Except in the case of 1-A, benzene is present in all the samples because the supplies of butyl mercaptan and disulfide were in benzene solution. (3) The 
- lack residues on the copper dishes evolved H2S on treatment with warm Conc. HCl. (4) The residues were true gum—as no H2S evolution occurred on treatment with warm Conc. HCl. 

() Illustrates instability of phenyl mercaptan compared to butyl mercaptan. (6) PN denotes peroxide number. 
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In another series of tests caustic containing dis- 
solved acid oils was covered with cracked gasolines 
and the acid oils were transferred directly into the 
gasoline phase by displacement with hydrogen sul- 
fide. The “availability” of the caustic phase (Caustic 
availability is expressed as the ratio of phenolphthal- 
ein end point to methyl orange end point * 100 per- 
cent in the usual hydrochloric acid titration of the 
caustic ; thus a solution of pure NaOH is 100 percent, 
of Na,S is 50 percent, and of NaHS is 0 percent 
available.) was thus reduced from 71.5 to 8.4 per- 
cent at which point all of the acidic organic con- 
stituents of the caustic were released. This procedure 
was followed by refluxing of the gasolines for hydro- 
gen sulfide removal and testing for color, inhibitor 
response and peroxide growth. The results are sum- 
marized in Table 5, The greatest rate of deteriora- 
tion appeared to have occurred following hydrogen- 
sulfide absorption to below 35 percent caustic avail- 
ability. While these data represent exaggerated con- 
ditions that probably never would be encountered in 
normal plant operations, they paved the way for 
subsequent test work that conformed more nearly 
to actual practice. 

The effects of the thiophenol and diphenyl disul- 
fide on octane number and lead response were ob- 
served by two different laboratories and on cracked 
stocks from two sources. Table 6 shows tests on an 
American cracked gasoline to which was added 0.03 
percent of thiophenol sulfur in one case and 0.03 
percent of diphenyl disulfide sulfur in another. This 
procedure was duplicated in part on Bahrein refined 
gasoline with the added feature that dibutyl disul- 
fide and butyl mercaptan were each added in con- 
centrations of 0.03 percent of sulfur for comparison. 
These tests included determination of peroxide 
growth at elevated temperatures as well as inhibitor 
and lead susceptibility. The results are shown in 
Tabie 7%. The data show that the aromatic sulfur 
compounds have a greater effect than the aliphatic 
compounds with respect to gasoline quality and 
probable stability in storage. 

During storage of gasoline, thiophenol in itself 
rather rapidly oxidized to diphenyl disulfide. For 
examplé, duplicate tests were run on an unsweetened 
sample before and after storage for only two weeks. 
Coincident with a pronounced reduction in acid oils 
and a measurable increase in neutral oil, a marked 
increase in peroxide number was observed as shown 
by the following tabulation: 











| After Two 
Original | Weeks’ Storage 
“Volatile” acid oilsa—(percent by volume)....... mae 0.0025 0.0008 
“Non-volatile” neutral oils (percent by vol.).. Nil 0.0004 
Oe ; ...| 0.0025 0.0012 
% total mercaptan sulfur . . 0.019 0.0084 
Peroxide No... . ; | 0.04 1.14 


| 








These data show the importance of sweetening sour 
gasolines containing thiophenol without undue 
delay although this practice is already generally 
recognized based on other stability considerations. 


Behavior of Thiophenol in Sweetening Operations 


In an extended survey of the stability character- 
istics of Bahrein gasolines, it was noted that poly- 
sulfides formed during the normal sweetening opera- 
tions were highly detrimental. This finding led to 
a modification known as “split lead-sulfide sweeten- 
ing.” The modification involves blending continu- 
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ously with the sweetened product a fixed ratio of 
sour component which has been previously and 
simultaneously contacted with doctor solution to 
convert the mercaptans to lead mercaptides. The 
combined streams pass to process storage where 
polysulfides formed in the sweetening operation are 
reduced to disulfides by the lead mercaptides in the 
component contacted with doctor solution. This re- 
ducing action proceeds during a period of several 
hours with precipitation of lead sulfide. After settling 
of the lead sulfide fines, the clear polysulfide-free 
gasoline is pumped to blended storage with the re- 
quired proportion of gum inhibitors. 


When the naphtha entering the sweetening plant 
contained thiophenol it was observed that the pre- 
cipitation of the lead compounds with doctor solution 
resulted not only in difficulty in obtaining a sweet 
product but also in ultimate color drop of the prod- 
uct. The effect of abnormally high concentrations 
of thiophenol and the corresponding diphenyl di- 
sulfide on the color of gasolines has been noted in 
studies of sweetening operations covering a wide 
range of procedures for reagent recovery. One fre- 
quent observation in the use of a newly regenerated 
reagent was that poor colors often occurred initially 
in the sweetening plant, but rather rapidly disap- 
peared. In cases where lead-sulfide reagents were 
regenerated by air blowing and heating for concen- 
tration of the caustic liquor, semi-batch operation 
resulted in unpredicted color and sweetening diffi- 
culties. These were traced to an accumulation of 
heavy naphtha on the surface of the regenerated 
reagent which failed to become discharged evenly 
in the day-by-day production from the plant. The re- 
sult was a periodic inclusion of several weeks’ ac- 
cumulation of this material, which was found to be 
high in diphenyl disulfide content, into a single or 
a few successive batches of finished production, The 
importance of properly skimming recovered plant 
reagents, particularly after air blowing operations, 
is indicated. 


In the recovery and regeneration of lead from 
gasoline tankage, lead thiophenol precipitated in the 
doctor contacting step presents a substantial hazard 
to the ability of the recovered reagent to produce 
sweet, +30 color gasoline. Table 8 lists tests on a 
sample of lead sulfide split sweetened cracked gaso- 
line after agitation with a recovered lead slurry origi- 
nally containing lead thiophenol. The improvement 
effected by washing these solids first with a heavy 
gasoline prior to the contacting is also indicated. 
It will be noted that the extraction of the deleterious 
material did not convert the gasoline from negative 
to positive doctor tests. Presumably the thiophenol 
had been converted to diphenyl disulfide by exposure 
to the atmosphere for drying prior to lead recovery. 


A plant adaptation for this procedure for recover- 
ing lead was attempted with only slight success. Re- 
moval of the colored bodies was obtained by perco- 
lating through a bed of lead slurry using heavy 
gasoline as a solvent. The equipment available was 
not suitable for proper agitation, however, and the 
method was abandoned, the rate of recovery being 
too slow for adequately supplying the sweeten- 
ing plants. Nevertheless, the method is believed 
commercially feasible in proper equipment, provided 
the extracted material is not recycled to the sweet- 
ening plant. 

A roasting method of lead recovery currently is 
employed at the Bahrein refinery. Small batches of 
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TABLE 8 
Effect on Color and Gum Stability of Cracked Gasoline Contacted with Recovered Lead from Rundown Tankage 


























OD re ee ee ree a A 1 2 3 4 5 6 
Contacted with Recov. 
PbS After Washing 
Contacted with Latter with Heavy Sample 1 + .001% | Sample 2 + .001% | Sample 3 + .1% 
TREATMENT None Recovered PbS* Gasoline t UOP 4 UOP 4 UOP 4 
CMM... . dso dna.) e.nldle Vad Caves ae Me 2% 2% 24% 9% 7% 8% 
Copper Bowl Gum—amgs./100 ce............... 2 22 1 2 6 1 
Octane No. _, 3 PROS ee Bee 67.4 66.6 66.9 es tat ee, 
Doctor Test......... eee ee Fee : Neg. Neg. Neg. 
a odie a's 40:00 Ria eeAA ate oodsy ase 7.9 8.0 7.9 
Peroxide No.. es uth 0.06 } 0.09 0.04 
ie Distillation: 
104 °F, 104 °F 104 °F. 
on ; 124 126 124 
10% 137 138 136 
ae 162 162 162 
50%. . 239 240 240 
cas 5s 340 342 342 
Ee 382 380 382 
Recovery. . | 98% 98% | 98% 
Sun Stability— _E xposed i in July: | 
Original Color (Saybolt) | 
Haze Time (Mins.)f. . . 135 120 125 25 } 20 35 
2 Hr. Color. . oa Seta +21 +49 | +20 +22 | +7 +21 
4 Hr. Color... } +18 +7 | +17 +19 +4 +18 
24 Hr. Color. . zs | +20 +12 +19 +19 +10 +19 

















°3 liters shaken with 25 gm. recovered PbS from PbS plant rundown storage. 
t Time exposed to sunlight before first appearance of haze. 


NOTE: 


lead slurry are heated in furnace flue gas ducts to 
750° F. in covered iron containers, The organic ma- 
terial is vaporized, decomposed, and ultimately re- 
jected into the stack. Under these conditions the 
residual lead imparts no coloration to gasoline or 
fresh caustic with which it is contacted. Although 
it probably is contaminated with carbonates and 
sulfates, it may be used for the preparation of doctor 
solution or of lead sulfide reagent by simply adding 
to it caustic soda in the strength and quantity de- 
sired. 


Removal of Thiophenol 


In the caustic treating of naphtha for hydrogen 
sulfide removal the extent of removal of thiophenol 
is a function both of the quantity of caustic applied 
and of the type of contacting equipment used. Origi- 
nally the caustic scrubber at Bahrein was the con- 
ventional single-stage conflow type of equipment. 
No difficulty resulting from failure to remove thio- 
phenol was observed but the proportion of caustic 
applied was excessive. By installation of a two-stage 
counterflow caustic scrubbing unit the efficiency of 
the caustic in hydrogen sulfide removal was im- 
proved as expected, but the extent of thiophenol re- 
moval was reduced. Mixtures of sodium sulfide and 
sodium acid sulfide are not suitable for thiophenol 
removal. The analyses for the acid oils in typical 
first- and second-stage caustic reactors over an ex- 
tended period showed an abrupt increase in concen- 
tration when the caustic was first used followed by 
a steady decline from 1 percent to nil as the caustic 
availability was reduced from 70 percent to 40 per- 
cent through hydrogen sulfide absorption. The non- 
volatile neutral oil remaining after steam distillation 
of the acidified caustic was constant at about 0.6 
percent within this range but disappeared between 
the range of 40 to 25 percent caustic availability. 
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+ Same as above except recovered PbS had been first washed with heavy gasoline. 


These variations in concentration conform to the 
principles of selective absorption and are consistent 
with the relative strengths of the acids removed by 
the caustic. Thus when using two stages of contact- 
ing and rejecting caustic at 40 percent availability 
or less, hydrogen sulfide absorption in the first-stage 
caustic tends to reject all the acid oils back into the 
gasoline phase, thus throwing ‘a larger burden of 
acid oil removal on the second stage of the system. 


To avoid excessive reagent consumption and still 
obtain the desired removal of thiophenol in the caus- 
tic neutralization, the system finally adopted at 
Bahrein refinery comprised lime treatment of the 
clay-treated naphtha for hydrogen sulfide removal 
followed by caustic contacting for removal of the 
thiophenol. 


Conclusions 


This investigation shows that thiophenol is pres- 
ent in substantial concentrations in cracked naphtha 
produced from Bahrein crude and may be expected 
in cracked naphthas from at least some other high- 
sulfur crudes. If the sour naphtha is exposed to air 
prior to sweetening, this compound rapidly oxidizes 
to diphenyl disulfide, a compound having marked 
objectionable features in terms of color and gum sta- 
bility and lead response to the final product. Further- 
more in the sweetening step itself the thiophenol 
causes complications due to precipitation of the 
lead salt upon contact with doctor solution. These 
difficulties may be avoided by prompt contacting 
of the naphtha with caustic, provided that hydro- 
gen sulfide has been previously removed. 


REFERENCES 
1Altshuler and Graves, ‘‘Proceedings Am. Pet. Inst. 7th Midyear 
Meeting”’ Section III, 18, 17-22 (1937). 


2Xan, Wilson, Roberts & Horton, “J. Am. Chem. Soc.,’’ 63, 1139 
(1941). 
3Yule & Wilson, “Ind. Eng. Chem.,’’ 23, 1254 (1931). 
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Design of Foundations 
For Elevated Towers 


SAMUEL GARNETT, Petroleum Engineer 


\" HEN the elevation of the bottom of a tower is 
set at elevation of 15 feet or more above grade it is 
not economical to use a solid concrete pedestal as a 
foundation. In such cases the tower is either fitted 
with a skirt to bring its base to approximately grade 
elevation, or it is supported on a frame of either 
structural steel or reinforced concrete. This article 
treats with the design of a reinforced-concrete-frame 
foundation for such conditions. 

The general arrangement of the frame is indicated 
in the isometric view, Figure 1. 

Broken down into its elements the frame consists 
of 4 beams supporting the tower. The beams are 
supported at their ends by columns, which rest on 
a concrete slab located below the frost line. 

In the analysis, all joints are considered rigid. The 
reinforcing steel must be so arranged, and the con- 
crete so poured, as to develop full continuity of stress 
through all joints. This is usual construction for most 
reinforced concrete structures and presents no pecu- 
liar difficulties. 






































FIGURE 1 
Isometric view of foundation of elevated tower 
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The problem may be divided into five parts. 
1. Horizontal bent. 

2. Vertical bents. 

3. Design of beams. 

4. Design of columns. 

5. Design of bottom slab. 


Horizontal Bent 


The horizontal bent consists of four horizontally 
haunched beams supported at the corners by col- 
umns. The horizontal haunch performs the double 
function of stiffening the frame and supplying foun- 
dation support for the tower base. 

In Figure 1 the horizontal bent is indicated by 
EFGH. The center lines of the component members 
are used for the bent dimensions. 

The width of the beams and the dimensions of 
the haunches will be determined by the inside and 
outside diameter of the base, and clearance require- 
ments for piping, manholes and working space for 
the underside of the tower. An edge distance of 2 to 
3 inches is desirable. Anything less than that will 
produce the danger of spalling the concrete. 

The horizontal stresses in this frame result from 
the tendency of the frame to distort under the radial 
expansion and contraction of the tower with thermal 
changes. These stresses will be relatively small and 
may be disregarded, since they will be well within 
the margin of safety. 


Vertical Bent 
The vertical bent consists of the supporting beam, 
end columns and a foundation slab of uniform thick- 
ness. 





2° to 3° Minimum 





2 TO 3" 
MINIMUM || 























WORKING CLEARANCE 
FOR UNDERSIDE OF 


TOWER 


FIGURE 2 
Horizontal bent 
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In Figure 1 one of the vertical bents is indicated 
by ABCD. Here again the center lines of the com- 
ponent members are used for the bent dimensions, 
except in the case of the slab. Because the compara- 
tive stiffness of the slab is so much greater than that 
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FIGURE 3 
Loading diagram, vertical frame 


of the columns, the bent may be assumed to end at 
the top of the slab. Since the whole frame is symmet- 
rical in loading and layout, all four vertical bents 
will be identical in dimensions and analysis. 

As preliminary dimensions for analysis of bent 
stresses, the depth “t” of the beam should be about 
1¥% times the width of beam “b,” The columns should 
be the same width as the beam. The depth of the 
slab should be about 1% times the column dimension. 
The whole frame should be analyzed and designed 
as a rigid structure. 


Loading 

Type “A.” Loading Dead and Live Load. 

The maximum uniform load (W1) will be %4 the 
summation of the following: 

Wt equals Weight of Tower (test load) including shell, trays. 
full capacity of water, insulation, fittings, pipe, sup- 
ported ladders and platforms. 

Wb equals Weight of concrete beams. 

Wt -+ Wb 


For Type “A” _W1] — spit = eee 
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Type “B.” Loading Wind Kick. 
The maximum unit reaction due to overturning mo- 
ment at the base of the tower is determined by the 
formula 
Mt x 4 
w= TD" 


where Mt is overturning moment around base of 
tower 


Pw H 
Mt sei. Si 
Dy = Diameter of Bolt Circle 
w = Maximum wind reaction per running foot of tower 
base. 


While “w” will vary with the distance from the 
neutral axis of the tower, it is sufficiently accurate to 
assume that it is distributed over the full length of 
the horizontal member of the bent. 


For Type “B” Loading: W1=>wX1 


Type “C.” Loading Wind Thrust. 


The wind pressure on the tower is transferred to 
the concrete frame and acts as a horizontal thrust 
(T) tending to distort the vertical frame. The maxi- 
mum value of (T) against any one frame will be % 
the maximum wind pressure on the tower. The wind 
pressure on the frame itself will cause relatively litthe 
stress and may be disregarded. 

For Type “C” Loading: T= aa 
Stresses . 
Flexure: 


The bending stresses in the bent should be deter- 
mined separately for each type of loading. The Hardy 
Cross method of rigid frame analysis by moment dis- 
tribution is sufficiently swift and accurate to make it 
most suitable for this purpose. 


A description of the Hardy Cross method is now 


MB3 






= mm lhe 















= AE a D = 
MAI MD: MA2 MD2 MA3 MD3 
Type A Type B Type C 
Loading Loading Loading 
FIGURE 4 


Moment curves—vertical bent 


included in all concrete design texts. A particularly 
useful outline of the method of “Moment Distribu- 
tion Applied to Continuous Concrete Structures” is 
available as Bulletin St. 40 from the Portland Cement 
Association. 

Figure 4 indicates the bending moments developed 
by the different types of loading. 
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Type “C” Loading 


Type “A” Loading 


Type “B’ Loading 
FIGURE 5 
Shear diagrams—vertical bent 


Shear: 

The shear diagrams, Figure 5, indicate the shears 
in the members of the bent, developed by the differ- 
ent types of loading. 

The values of these shears are: 

Type “A” loading: 

1 
VBI = VC1= * - 

MBI+MAI_ MC1+MD1 


VAI= VDI = "=. Lb 


The equations of the shears for type “B” loading 
are similar. 
Type “C” loading: 


— yc, — —_MB3 + MC3 
ve 1 (length of beam) 
MB Tey 9 
va3=vp3= ™ — = + 
Lb 2 


Axial Stress: 

The axial load on any member may be designated 
as a function of the shears of the framing members. 
The following tabulation lists the equations for these 
values: 








Axial Stress in Beam Axial Stress in Column 





Equals Pb Equals Pc 
Type “A” loading. ... .| Pbl =VAI1 Pcl=2VB1=WI1 
Type 8" oding.....| __PuB=VAa ‘| _eavD-wa 
Type “C” loading..... Pb3 =VA3 Pc3=2VB3 


The axial stress in the beams (Pb) is generally so 
small as not requiring consideration, as far as any 
practical effect on the structure is concerned. 


Design of Beams 


The dimensions and reinforcing steel for the beams 
are determined by following standard methods for 
the design of reinforced-concrete beams. The worst 
combination of flexual and shear stresses should be 
used. It should be kept in mind that when wind 
stresses are included the allowable stresses may be 
increased by one third. 

The bottom reinforcing bars should run the full 
length of the beam and be hooked at the ends to take 
care of any possible negative moments that might 
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develop under light vertical load and maximum wind 
thrust. It will not be found economical to bend up 
the bottom bars for use as positive reinforcing at 
the joints. 

The top reinforcing bars should likewise extend 
the full length of the beam, but should be bent down 
to lap the column reinforcing sufficiently to develop 
full strength of the bars. 

Stirrups should be provided to take care of any 
high shears that may develop. Where the magnitude 
of the shears do not require stirrups (as frequently 
happens), they should be provided anyway, spaced 
the depth of the beam (d) apart, to provide bracing 
and support for the longitudinal reinforcing. 

For beams deeper than 24 inches one intermediate 
horizontal reinforcing bar should be provided for 
each face. These bars should run the full length of the 
beam and be hooked at both ends. These bars will 
likewise limit temperature cracks. 

The concrete faces of the horizontal haunches 
should be protected by horizontal and vertical rein- 
forcing of the same size and spacing as in the faces 
of the beams. This reinforcing should be well an- 
chored into the beams and columns. 

Vertical haunches should be provided with area 
of steel in the sloped face equal to the area of steel 
in the bottom of the beam. 


Design of Columns 
The columns are designed to take maximum axial 
load combined with maximum bending on two axes. 
It will generally be found that columns the same 
width as the beams will be more than adequate, re- 
quiring only a minimum area of reinforcing steel 
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Elevation of tower and foundation 


(.005bd). This size should be taken as a first assump- 
tion and the stresses checked as indicated. 


Foundation Slab 


The foundation slab should generally be a square 
or an octagon with a minimum edge distance to the out- 
side face of the columns of about 6 inches. The siz¢ 
of slab must be such as to keep the actual soil pres 
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e = eccentricity of load 
on foundation slab 
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Determination of soil pressure eccentricity factor 


sure below the allowable, and to provide adequate 


| stability for the entire structure. 


Stability 


The structure should be examined for stability un- 
der the following two critical conditions of loading: 


1. Erection condition—empty shell, without trays, fittings, 
piping, insulation or liquid content. 

The weight W for the structure under those conditions 
includes : 

Ws equals Weight of empty shell. 

We equals Weight of concrete beats, columns and 

base slab. 

The wind pressure Pw equals .75 wDH where 

w equals Maximum unit wind pressure 

D equals diameter of shell 

H equals height of tower. 

. Repair condition. Here the weight of the tower includes 
the fittings and insulation. Fittings in this case include 
welded nozzles, platforms, stairs and ladders supported on 
the tower. 

The wind pressure Pw equals .75 wDH plus .5As 
where D equals outside diameter of insulation 
As equals sail area of fittings. 


bo 


The percentage of sail area to be used (above taken 
as .5) is difficult of accurate determination. Where 
reliable information of the stairs, platforms, ladders, 
Pipes, etc., is not available, use 15 percent of the nor- 
mal wind load (Pw). 


The overturning moment in each case, O.M. equals 


PwL. The resisting moment R.M. equals ws 
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R.M. 
A factor of safety (¥s = om) of 2 or more is 


satisfactory for stability in the worst case. 


Soil Pressure 


The maximum soil pressure will be that due to the 
combined effect of the maximum vertical load and 
the maximum overturning moment due to wind or 
other horizontal loading. 


_ WwW O.M. 
megs z 
where p equals maximum unit soil pressure. 
O.M. equals overturning moment around base of foun- 
dation 

Z equals section modulus of slab (table 1) 

a equals plan area of slab 

W equals maximum total weight—the sum of: 
Wt equals weight of Tower and fittings (test load) 
We equals weight of Concrete 
We equals weight of earth fill. 


Where the center of soil pressure falls outside the 


kern of the foundation (when oo then the 


soil pressure must be determined by the formula 
W ~ 


pune using for “m” the value derived from 


Figure 7. : 

The eccentricity “e” should not exceed .25ds, under 
which condition half the soil under the foundation 
would be loaded. 

Under operating condition—where W equals op- 
erating weight of tower, including fittings, operating 
liquid, insulation, etc., plus weight of concrete and 
fill, the distribution of soil pressure should cover the 
entire area of the base of the foundation. To satisfy 
this condition, the resultant of the vertical load (W) 
and the wind load (Pw) must fall within the kern. 


ds 
oy for 


This sets the maximum eccentricity (e) at i 


f : ds : 
square foundations, and- 8 for circular and .1128 ds 


for octagonal bases. 


Kerns 








KW as 


Ry 

















The base of the foundation must be made large 
enough to satisfy this condition. 

Where.the soil is poor and piles are used, the same 
general approach to the problem is applicable, except 
that instead of unit soil pressure we must deal with 
maximum load per pile. 
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TABLE 1 
Section Moduli (Z) 
For Octagonal and Square Footings 








uare x-x uare y-y agon 
d Sq Axis Sq Axis Oct: 
7’-0” 57.2 40.5 37.7 
8’.0”" 85.2 60.2 56.3 
9’-0” 121.5 85.8 80.3 
10’-0” 167.0 117.8 110.0 
11°-0” 222.0 157.0 146.3 
12’-0” 288.0 205.0 190.0 
13’-0” 366.0 259.2 242.0 
14’-0” 458.0 323.8 301.0 
15’-0” 562.0 396.2 371.0 
16’-0” 682.0 482.5 452.0 
17’-0” 818.0 580.0 540.0 
18’-0” 972.0 685.0 642.0 
19’-0” 1143.0 810.0 754.0 
20’-0” 1333.0 945, 880.6 
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Design of Base 


Base thickness and reinforcing are determined by 
the same design procedure as for any multi-combined 
footing. Symmetry of the layout will simplify the 
problem. The base may be handled as a flat slab, 
straight beam, or beam and slab arrangement. 

Except for very special problems, the base should 
be a slab of uniform thickness with either two- or 
four-way reinforcing. 

The presence of bending moments at the base of 
the columns will have very small effect on the design 
of the base and may well be ignored. 

The effective pressure on the slab will be the maxi- 
mum soil pressure less the weight of the super- 
imposed fill and the slab. A good preliminary as- 
sumption for the thickness of slab is the width of the 
columns. The slab should then be checked for flex- 
ure, diagonal shear and punching shear. After the 
thickness of slab has been checked, the reinforcing 
steel should be designed. Care should be taken to 
provide for possible negative loading of the slab 
where the eccentricity places a section of the slab 
under no soil pressure. The slab must then support 
its own weight plus that of the superimposed soil. 


TYPICAL DESIGN OF FOUNDATION FOR ELEVATED TOWER 


Data: Referring to Figure 6. 
D = 5’-6” for shell (3” insulation) 


H = 70-0" 
he = 20'-6" 
he = 4’-0" 


Weight of shell = 72 kips (as fabricated) 
Weight of trays + valves + fittings = 28 kips 
Weight of insulation + platforms + ladders = 22 kips 


Weight of test liquid = =x <70X62.5 = 104 kips 


Weight of operating liquid = 20 kips 
Inside base diameter = 5’-6” 

Outside base diameter = 6-7” 

Bolt circle diameter = 6’-0” 


Dimensions of Horizontal Bent 








1-6" 




















4-|" 

















1-6" 

















Vertical Frame: 


Assuming depth of beam (t=27”) and using center line of 
members for frame dimensions, the vertical frame, for purposes 
of analysis, will be as follows: 


k= stiff factor = — 
stiffness factor i0L 


Where I= Moment of inertia 
of member 
L = Length of member 


—5'-7"—~ 


C 
B 
K=370 4 





K=35 K=35 


7-2" 


A _D 
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4 27" 
Assumed depth of slab — 27” 
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A—Dead & Live Load—(Test Load) 









































Weight of empty shell ==: 72 kips 
by Weight of trays + valves + fittings = 28 kips 
led Weight of insul.+ plat.+ladders = 22 kips 
the Weight of test liquid = 104 kips 
ab, 226 kips 
i Weight per beam = oe = 56.5 kips 
or Weight of one beam = 28 kips 

W: = 59.3 kips 
of Paes 59.3X5.58 _ 52, 1: 
gn F.E.M. = — re = 27.6 kip ft. 
a: BSXSS = 41.5 kip ft. 
er- 
1S- — 46 kip ft. 
he 36.9 kip ft. 
a: y= a = 30 kip (approx.) beam shear 
ig 
to V= 4.6 + 2.3 = .6 kip col. shear 
rb 17.7 
1 
ib 
rt 59.3 K 
DIR L{D - 
[9 9 1.1 [Ax 
O |#27.6 -27.6| O | FEM 
2B |-2428 +248/+28) 1D 
of O |+124 -124| 0 | Ico 
1.2 |-11.2 +(1.2 141.2 | 2D 
O |+5.6 -5.6) 0 | 2C0 
-0.6 |-5.0 +5.0 |+0.6| 3D 
~4.6/+4.6 ~4,6 |+4.6| TOTAL 
4.6! 46K! 
Pe) 3X! 


MOMENT DIAGRAM 


B.—Wind Kick 


Max. wind kick (w)= at 


4 
Pw = 6X70X15X1.25= 7.9 kip 
Mt = 7.9X35 = 276 kip ft. 
-— ian .: 
Ww “axe kip per ft. 
4 


bE” aad 
+ 








4’-1” = 4.08’ 





2 








February, 1944 





W: = 9.84.08 = 40 kip 


40 : . 
—_™’ «4.6 kip ft. = 3.1 kip ft. 
593 x ip ip 


a ae 
4036.9 kip ft. = 24.9 kip ft. 
acai . 


V = 20 kip beam shear 
— 3.1416 
blag 


3,) KI 3,1 *! 


= .3 kip col. shear 









Moment Diagram 
C.—Wind Thrust 


Wind on tower =7.9 kips 
Wind on 1 beam = 0.3 kips 


8.2 kips 
V= aE Pas p23 = 6.3 kip beam shear 
= 734 Te = 2.1 kip column shear 
75" 


4.|*- 
17.5%! 


18.5 K! 
8.5K! 


Moment Diagram 


DESIGN OF BEAMS 
Try b=18" t=27" 


fs = 24000#/[]” 
fie 875#/()” 
n= 12 


Using % of wind loading is the equivalent of increasing 
allowable wind stress by 1/3 and this procedure is used here 
for the purpose of comparison. 











Test Load Test Load 
Without Wind With Wind Use 
Max. Negative Moment..... 4.6K1 34(4.6+3.1+-17.5) =19.0K1 19.0K1 
Max. Positive Moment...... 36.9K1 34(36.9+-24.9) =46.3K1 46.3K1 
SEE A 6 e adace ees 30K 34(30+20+-6.3) =42.3K 42.3% 

















Required d=./™ =,/46.3X12 = 16"<24" available—o.k. 
kb 12018 


Unit shear v —V — 423° 1934/9" stirrups required. 
bjd 18.924” 
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Top Reinforcing 


Req. area of reinf. As = 19.0X12_ _ 9 44m” 










24.924” 
- Req. perim. of reinf. eo = rere = vend 
Use 6-54” ¢ bars. 
Bottom Reinforcing 
Req. area of reinf. As = oan aa = 10er |” 
Req. perim. of reinf. eo = 10.3” Use 6-54” ¢ bars. 
ig” 
i” 
. 1'2 Cl. 
6-53'> BARS 


34" STIRRUP 
2-55" BARS 
6-*a'> BARS 
\'2" Cl. 


27" 





be 
12 Cl. 


I's Cl. 
CROSS-SECTION OF BEAM 





BEAM STIRRUPS 










































104 ” 67 ite 
= 264 == = 3354 
r 264#/( 5 3% 
< SUPPORT 
104* jo” EDGE OF COL 
OS Se ¢ SPAN 
33*)." 
50* i." |: - an 
YY JULY a 
Yy RESISTED BY CONCRETE 26 */o 
~z eh 
3" 9" | 125" 
wet seacens = +—| + + 1 
mnswenis 21 
9" 14" 10'o" 
Tu 
332 on | 
: As = cross-sectional area of 
Try %” ¢ stirrups stirrups = 0.22 for %” ¢ bars 
mare fs = allowable stirrup stress 
Spacing S =sfs — 16000 #/2)” 
bv’ b = width of beam 
v'= excess shear at point 
— arses = 6” requiring stirrup 
_ 0.22 16000 _ ya” 
= bs =} 
Se 18X19 7 
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3" 9" l2'" € SPAN. (SYMETRICAL) 
35° STIRRUPS 

* - 5," 
n 4 | ai * 
N . ey ee 
W ‘pp: | 6-*s 4 BAR 
3 TI | 6-55" BARS 
oy ie ce 

COL. STEEL 4 e Wr HAUNCH 
| | |} COLUMN 
A" _ LONGITUDINAL SECTION OF BEAM 





STEEL IN HORIZONTAL HAUNCH 


BEAM REINFORCING 








34' STIRRUPS 









l 2536 (1 TOP -1 BOTTOM) 
/ 


3-54 (1 TOP- 1 MIDDLE -1 BOTTOM) 








9° 


a 





















































PLAN 
REINFORCING DETAIL 
BEAM REINF. _} OF HORIZONTAL HAUNCH 
es eS | BEAM. 
f ‘a 1 oe “fata — 
BEAM es 4 
REINFORCING 7 4 
+2 29 9 2 ae 
ce - 
insti “ | LHAUNcH [58 BARS 
7 7 34" STIRRUP 
| aa! SECTION AA 
Column Loads 
| Test Load | Test Load 
| Without Wind | With Wind Use 
Max. Bending—(2 Axes)... 4.6K! 34(4.64+-3.1+17.5) = 19K 19K! 
Max. Vertical Load ; 60K IPS 2x34(30+20+ .3'=84.3K 84.35 











Weight of one column =—1.5’X1.5'X17'X150#/cu. ft.= 5.7 kips 
Total Design Vertical Load = 90 Kips 
Try 18”X18"” tied column—4-3%4” ¢ bars 


Using American Concrete Institute design procedure as 
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Wind ‘pressure (Pw) = .75X20#/()'X5.5'x 85’ = 70004 


O.M.=7 kips 47’ = 330" 
R.M. = 136®5.5’ = 750" 


AL) outlined in their publication “Reinforced Concrete Design Repair Condition 
ibook.” 
saa Erection weight = 142* 
ee ie 067 As=L770" n=12 Weight of fittings (est.) 3 = 7 
: Weight of insulation, platforms & ladders = 22* 
‘andl ki — = tepialage 
M = 19™ on 2 axes N = 90 kips Repair weight = i71* 
= she 19 _ ie 2.5 _ .141 per axis Wind pressure (Pw) = .75X20#/()’6.0' X85 1.25 = 9570# 
0) O.M. = 9570# 47 =450™ 
; " e R.M. =171*X5.5 = 940" 
Use 2X.141 = 282 = — ES. = 1) = 2.09>20 allowable ok. 
5 
np = 12X1.77 — 0,065 
18”X18 SOIL PRESSURE 
Q=2.5 k = 0.75 Distribution Under Operating Condition 
90 ee , Erection weight = 142* 
AM e— 2.5 = 7004/2)” <750#/()” allowable. o.k. Weight of trays, valves & fittings = 28* 
: 18X18 Weight of insulation, platforms & ladders = 22* 
Weight of operating liquid = 20" 
oe = 1+.67__1\— oan#/7" #/I7”" allowabl k Weight of backfill = ae 
fs = 12700 ( 1s 1) — 9404#/[7)” <24000#/()” allowable o.k. Operating weight = 236* 
_ Pel. . See 
ig “ Actual e=— WwW — 236* ot 
eg eee, ere , 
Allow e = 28> i2 \ 2-11.0’ = 1.3’<1.9 
elite 34" 7 
oF ~ a 4 + BARS Eccentricity too high 
al 4° Try 14’X14’ base. 
oe ee — | be 2" CLEAR Erection weight = 142 + 22 (extra weight of base) = 164* 
M) _ ¥O 30" - Weight of trays, valves & fittings = 28* 
18 ete. 8 > TIES -12" O.C. Weight of insulation, platforms & ladders = 22* 
: on 2 Weight of operating liquid = 20* 
~ 3," Weight of backfill = . ; Ea 
) ‘le SS 4 ¢ BARS Operating weight = 273* 
Actual e = 9.57 X47 = te: 
? 273 
Column Section is 
Allowable e = . 2 14.0 ' = 1.65 o.k. 
FOUNDATION SLAB 
Stability Soil Pressure Under Test Load & Maximum Wind 
Try 11'X11" square base. Operating weight = 273% 
Erection Condition nl « Additional weight of test liquid = 104-20 = 84* 
Weight of shell (we) = 72 Tes Si flae sies 357% 
Weight of concrete = = 70* est weight = 
4 beams @ 2.8% = NZ c 
4 pe @ 5.7* — 22 g* Max. soil pressure P = 357 -+ 9.57 X47 
1 slab est. = 36.0" 14x14 323.8 
Erection weight = 142* P= 18+ 1.4=3.2*/()'<5*/L) allowable o.k. 


Soil Pressure Under Test Load and Prevailing Wind 
Wind pressure under prevailing wind = 10#/{|] 
0 95708 = 4785# 
Allow only 2*/()' soil pressure to resist prevailing wind. 
Soil pressure due to wind = 4.7947 _ OPALT 


323.8 

18 , 0.7 . 
= 336.4+- 35 = -71-<1 

50° 2 + < 


Use 14’X14’ base. 


DESIGN OF BOTTOM SLAB 


+. 


o.k. 





FS, = 759 — 23520 allowable ok. 
330 
t 
PW 
S 
¥ 
W 











| | (GRADE 











2‘ BACKFILL—¥] 


EST. 





| TS TS | 


. £ Gee. 





Fe 
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Try 14’X14’X2’ slab. 


COL. 


Max. soil press. = 3.2*/(]’ 
Wt. of slab & fill = .5*/(]’ 


Po Active soil press. = 2.7*/C]’ 


Design As 4 Beams 








-¢ 


47° 














6 Beam Width 
t 18"| cou 
a 5'+7" 2-058] wy xy 






14°-0" 


Load = 7.0 X2.7*/(’ = 19*/; 





| S-6°oEAM widTH | 
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DESIGN FOR UPWARD SOIL PRESSURE DESIGN FOR WEIGHT OF SLAB AND FILL 





































































toh! ze Late 2 = 
.4:2h 4 5-7" aoe ie ee . 
, vvrvyehye Uy,» 500#/(]’ 
LOADING §= 7 — LL: 500%5'-6" — 2750#/ft. 
— k 
— hal M244 kip ft. 
. gon b Concrete tension without top steel 
| TO Nel fy = 24-4 XK12X6 — gre" <100#/()" allow. 
BENDING ° TTL 66X24 
Therefore no Top Steel Required 
poe ttciatl 
Reg. d “Viney = 16"<20” available 
v= 8) __— 67# 0)" <75#/0" allowable ok. S 
66.920 fro 
Bottom Steel oe 
As= Pe = 4.70" or = 8600" /it. ; oo. pos an 
Cae f° Sas a ae *) Pete i ee t=24" atc 
20= Saree 82” -Egm SNM Gs. cee were ers) . 
Use 1"¢ — 6” o.c. oo Lire arg-6r0.c, BOTH ways pre 
14-0" 
Section Through Foundation Slab } the 
lat 
to 
pre 
cal 
Conclusions 
The sample problem just worked out is typical for av: 
the smaller towers. The trend toward towers of bil 
greater diameter will complicate the design of the sh 
foundations. ati 
Where the diameter of the tower exceeds 8 feet an 
economical design may require deeper haunches, big- til 
ger beams, and more complex framing to the col- co 
umns. Where the tower diameter is more than 15 bu 
feet it may be necessary to use a space frame of 6 to 
8 columns, further complicating the problem. Several it 
trial designs will be required to find the most eco- m 
nomical one. In all cases the principles involved will “ 
not differ from those herein indicated. do 
mi 
ha 
wl 
oe 
pl 
18 
in 
A 
Ww 
ca 
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Ww 
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Ww 
tu 
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Butane 


Riecuceliie. depropanization of the C, cut 
from the overhead vapor of the pressure distillate 
stabilizer is being accomplished in a West Coast re- 
fining plant through operation of a vessel designed 
and built at the plant. 

The bottom product from this improvised fraction- 
ator, consisting of the butanes and aromatics orig- 
inating in a double cracking unit, is controlled to 
produce a boiling range from 12° F. to 32° F. 

Because of the need for hydrocarbons essential to 
the processes of butadiene manufacture and the alky- 
lation the company operating this refinery decided 
to separate all of the C, and aromatics from the 
pressure distillate that could be recovered economi- 
cally. 

In order to obtain the greatest quantity of C, 
available in the pressure distillate, the existing sta- 
bilizer was inspected to determine what changes 
should be made in the piping, condensers and oper- 
ating procedure. The only change was to revise the 
operating temperature, pressure and reflux rate so 
that a deep cut might be made on the pressure dis- 
tillate charged to the unit. This cut, however, is 
controlled so that fraction boiling higher than normal 
butane is produced in the overhead vapor. 

Along with effective separation of the C, fractions 
it became necessary to process the vapors from the 
stabilizer to eliminate the propane and lower-boiling 
components. Since previous processing did not re- 
quire depropanizing, a tower had to be added to 
do the job effectively. None could be obtained. Equip- 
ment purchased at various points, plus material on 
hand entered into the fabrication of a depropanizer, 
which, since being placed on stream, requires a mini- 
mum amount of attention from the refinery em- 
ployees. 

The shell of this column is made from 36 feet of 
185£-inch pipe containing a supporting screen welded 
inside the shell three feet up from the lower head. 
A self-supporting base was obtained which, when 
welded to the base of the column, placed it in a 
condition where it could be set on a concrete base 
and bolted down. The top of the shell is finished 
with a bolting flange connection through which the 
reflux condenser is inserted and retained in position 
with a blind plate set on top of the reflux condenser 
tube sheet. The condenser is the inside tube bundle 
of a 10-foot slender exchanger having hair-pin tubes, 
the open ends of which are rolled into a single tube 
sheet. The blind flange set on top of the column af- 
fords effective separation of the tube bundle divi- 
sion, and water for temperature control is passed 
into the tube bundle and out through two 1%-inch 
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Improvised Tower Recovers 


























The depropanizing tower at the left takes its charge from the 
pressure-distillate stabilizer at the right. 


collars to which the water supply and disposal pipes 
are attached. 

When the column was first placed in operation, 
the packing consisted of random size pieces of glass. 
This proved unsatisfactory as glass decomposed and 
cemented most of the interstices between the pieces. 

Then short sections of 2-inch, 2%-inch and 3-inch 
tubes were cut in uniform rings ranging from %- to 
1-inch wide. Engineering calculation determined that, 
with the column being 185%-inch inside diameter and 
36 feet high, there should be approximately 22 feet 
of ring packing to obtain the most effective separa- 
tion of the propane and to prevent excessive vapori- 
zation. 

Conventional fractionation involves a reboiler at 
the base of the column, but, as none was available 
it was decided to break away from convention and 
operate the column with a feed heater which main- 
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tains bottom column temperature without recircula- 
tion of the material. 

This heater is plant made, employing a small pipe 
inside a larger one with effective packing and cir- 
culation of the material inside the smaller pipe 
through tube headers. This charge heater is in the 
form of a stacked unit, supported on a stand as near 
the depropanizing column as possible. As the depro- 
panizer is operated with both liquid and vapor 
charged to it, only the condensate from the pressure 
distillate overhead vapor accumulator flows through 
the heater. A conventional liquid-level controller 
bleeds the finished product from the base, and a 
back-pressure controller permits the escape of pro- 
pane vapors from the top of the column into the plant 
fuel lines direct, as none of the overhead is con- 
densed for reflux. The top temperature is controlled 
roughly to 90° F. by water circulated through the 
suspended exchanger bundle inserted into the top 
of the column. 

Both the propane column and the pressure-dis- 
tillate stabilizer are closely interconnected in oper- 
ating procedure, since the feed to the propane column 
is also the same material employed in the pressure- 
distillate stabilizer as overhead reflux. The pressure 
distillate from two separate cracking units, similar 
in design, enters into separate receiving drums, but 
the combined streams from these drums are fed to 
the single pressure-distillate stabilizer. Vapors from 
the receiving drums escape through control valves 
into an absorber which is of the type employing 
cracking plant charge as the absorption oil. The 
pressure-distillate stabilizer is operated at a pressure 
of 125 pounds, gauge, with the reflux rate and top 
temperature controlled to produce the maximum 
quantity of C, that is possible to obtain without 
a carry-over of higher boiling fractions. 

This vapor stream is condensed as fully as possible 
with shell-and-tube units employing water as the 
cooling medium. None of the vapors are vented from 
the accumulator except to a small steam-engine- 
driven compressor which removes the gas from the 
accumulator drum through a back-pressure con- 
troller and compresses it to approximately 300 
depropanizer, which is operated at a pressure of 275 
pounds, gauge under normal conditions. These 
pounds, gauge, or sufficient to charge directly to the 
vapors are augmented with vapors from a specialty 
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the foreground and the accumulator 
drum in the background. 


plant in another part of the refinery, which are 
piped to the intake of the compressor to salvage any 
part of C, which may be available from any source. 


The pump that handles the reflux to the pressure- 
distillate stabilizer also delivers the charge to the 
depropanizer. A recording flow meter on the dis- 
charge of the pump permits a controlled quantity 
of reflux to enter the reflux line leading to the top 
of the pressure-distillate stabilizer, with the remain- 
der passing to the depropanizer. Three similar pumps, 
each 6x4x12, high velocity, close-clearance units, are 
in the pump room, two as stand-by units, any of 
which may be started to prevent more than a mo- 
ment of shutdown of the stream to the two columns. 


The charge to the depropanizer enters the stacked 
feed heater, heated with steam from the boiler plant, 
and enters the column along with the gases pumped 
by the compressor to the column. The gas connection 
is near the injection nozzle, so that only the liquid 
is heated before entering the column. Should the 
pressure-distillate overhead vapor stream fluctuate 
from any cause, the volume of the charge to the de- 
propanizer remains essentially the same, as this pro- 
cedure has been found more effective than a pulsat- 
ing, or ragged charge. The depropanizer charge vol- 
ume is controlled by allowing some of the finished 
C, to be returned to the pressure-distillate accumu- 
lator by a pump which in turn is remotely controlled 
by a liquid-level instrument on the accumulator, sep- 
arate from the controller which normally would con- 
trol the operation of the reflux charge pump. With 
this method of operation, the level of the condensate 
in the pressure-distillate accumulator never varies, 
and the depropanizer column is constantly supplied 
with a predetermined amount of liquid for frac- 
tionation. The charge to the depropanizer is held at 
a temperature of 288° F. by the charge heater bundle, 
and the top is normally held at 95° F., with water 
pumped through the suspended tube bundle. Pres- 
sure is at 275 pounds, gauge, maintained with a back- 
pressure instrument on the overhead vapor line. 

Tests are made on the bottom product with the 
simple evaporation process, employing a centrifuge 
pipette containing a thermometer. This inspection 1s 
made approximately twice during the operating tour, 
and plant engineers say that little if any attention 
is required, after the column has once been leveled 
off, or placed in equilibrium. 


Condensers on the pressure-distillate 
stabilizer are above the feed heater in 
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Vaporization Processes 


Application of Unit Operations 
To Fractionation and Other 








1. The Phase Rule—lIts Application to Problems Connected 


with Petroleum Refining and Natural Gasoline Manufacture 


R. L. HUNTINGTON 


School of Chemical Engineering, 
University of Oklahoma 


ey manufactuing engineer in a_ refinery or 


natural-gasoline plant is concerned primarily with 
two general principles insofar as each process is in- 
volved : 

(1) The rate at which materials or energy will ap- 
proach equilibrium conditions. 

(2) A knowledge of the equilibrium state itself. 

In the first case the rate is always proportional to 
some driving force and inversely to the resistance 
opposing such a force. With the vaporization proc- 
esses about to be taken up, the driving force is usually 
considered to be the difference between the partial 
pressures of each constituent in the two phases be- 
tween which the transfer of material is taking place. 
The resistance is governed by the rate of diffusion 
in series flow through certain stagnant gas and liquid 
films through which the material being transferred 
has to pass by this slow process. The controlling film 
is the one which sets up the greatest resistance to the 
transfer of the material or energy. 

Equilibrium conditions should be known since no 
process can go beyond this state of balance unless 
there is a temporary state of super-saturation or the 
like. Although no actual process can reach equilib- 
tium because of the time factor or lack of intimacy 
between the phases involved, it is a goal which every 
engineer strives to approach in all manufacturing 


| Operations and processes. 


In this first paper the author has presented a few 
simple exercises illustrating Dalton’s law of the 


, oe series of articles represents the expansion of a 
previous series published in Petroleum Refiner in 1941 
as “Fundamentals of Fractionation and Condensation.” 
Frequent calls for this complete series resulted in the 
decision of the author to incorporate that information 
into this series. The papers have the following three- 
fold purpose: 

- To provide the man in the plant or refinery, who | 
has had a year or two of college work, with certain 
tools and method ded in the solution of engineer- 
ing problems. | 

2. To enable the graduate engineer to review some 
of the principles he learned in college. 

3. To give the plant man who is planning on re- 
turning to college or studying in vocational classes, a 
chance to acquire some skill and practice in making 
quantitative calculations. 

The author wishes to make it clear that the study 
of these papers will not take the place of classroom 
instruction in engineering. He does feel, from his own 
experience in the plants, however, that these papers 
will help in a measure to give the engineer and 
operator some idea of the laws governing the be- 
havior of petroleum hydrocarbons, and the quantitative 
method of attack in solving engineering problems 
pertaining to certain unit processes and in particular 
to vaporization. 





partial pressure of gases as well as the relationship 
of a mixture of gas and steam in equilibrium with 
water within a steam boiler. No new experimental 
data are given in this series of papers, the purpose 
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a 
STEAM = 7 
eS 
WATER 
FIGURE 1 


(1) Pressure = 134.62 Ibs. minus fluid head of steam. 


(2) (Equilibrium at interface) Pr. = 134.62 Ibs. per sq. in. 
Temp. = 350° F. 
(3) Pressure = 134.62 Ibs. plus fluid head of water. 


being that of instructing the engineer in some of the 
simple laws or principles underlying processes often 
met with in petroleum refining. For a more complete 
discussion of these laws and principles, the plant 
engineer is urged to consult standard text books on 
physical chemistry and chemical engineering (see 
literature cited at end of paper) in order to gain a 
broader understanding of the laws mentioned in these 
papers. If the author can arouse the interest of a 
number of plant operators who have not had the ad- 
vantages of chemical engineering education, into go- 
ing ahead with further studies, he will consider his 
efforts in presenting these papers to have been well 
worth while. 


Through a lengthy dissertation, J. Willard Gibbs’ 
has given the physical scientist and the engineer a 
simple and very useful tool which can be applied ad- 
vantageously in the study of many problems involv- 
ing the design of equipment and everyday plant op- 
eration. Failure to observe this phase rule has on 
more than one occasion caused the loss of thousands 
of dollars before the resulting difficulties could be 
uncovered and corrected. Perhaps the reason for this 
oversight on the part of many engineers is due to the 
fact that the number of degrees of freedom or vari- 
ance which go toward fixing the state of a system 
may be fewer than one would expect at first thought. 


Definition of the Phase Rule 


It is outside the scope of this paper to go into the 
long, rigorous derivation of this rule. Stated in simple 
mathematical form it is as follows: 


F+P=C+2 

Where F=the number of degrees of freedom which a 
system may have such as temperature, pres- 
sure, and the composition of any component in 
any one phase. When a certain number of de- 
grees of freedom has been assigned to a system, 

it is said that the system is fixed. 
P = number of phases in the system. A phase is any 
homogeneous mixture such as vapor, liquid, or 
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solid phase. Ordinarily there is only one vapor 

phase, while there may be two or more liquid 
or solid phases present. 

C =the number of components or chemical com- 
pounds which are required to make up the 
system, . 


This rule applies only to systems in which the 
different phases are in equilibrium with each other, 
It may be observed that the degrees of freedom per- 
tain to intensive properties such as pressure, tem- 
perature, etc. and not to extensive properties of the 
system. Since the steam boiler is such an important 
part of any plant or refinery, its performance might 
be considered before the more complex systems are 


tackled. 


Equilibrium Between Steam And Water 


The best method of gaining an understanding of 
any principle or law is to apply it to a number of 
different cases: 

Example 1: If a boiler, Figure 1, containing liquid 
water and saturated steam is operating at 350°F., it 
may be readily seen from the phase rule that the 
state of the system is fixed. In this case there are two 
phases present, namely, liquid water and steam or 
water vapor. There is only one component or chemi- 
cal compound, namely, water. By substituting these 
values in the equation representing the phase rule, 
it is seen that there is only one degree of freedom 
permissible, but since the temperature has been fixed 
the equation is balanced and the system is fixed. By 
referring to the steam tables,” it is seen that the sat- 
uration pressure on the system is 134.62 pounds per 
square inch absolute. 


One Phase Only 


Conversely, if the pressure for such a boiler had 
been set at 134.62 pounds per square inch absolute, 
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FIGURE 2 
Vapor Space 
Partial Volume Partial 
Pressures % Pressures 
Steam = 149 Ibs. 99.33 Water = 149 Ibs. 
Inert Gas = 1 bb. .67 Dissolved gas == 1 Ib. 
Total Pr. = 150 Ibs, 100.00 150 Ibs. 


Petroleum Refiner—V ol. 











23, No. é 





NITF 













Feb 








apor 
iquid 
com- 

the 


the 
her, 


per- 


the 
tant 
ight 
are 


oe he 
oo 
mn Fp 


juid 
| 
the 
two 
1 or 
>mi- 
1ese 
‘ule, 
lom 
xed 
By 
sat- 
per 


had 


ute, 





i 


rtial 

sures 
) Ibs. 
1 Ib. 


) Ibs. 


Jo. @ 





the state of the system would have been fixed and 
the temperature would be 350°F. 

Example 2: If a vessel is filled with water vapor 
or steam only under a pressure of 100 pounds abso- 
lute, the state of the system is not fixed since in this 
case there is only one phase present and one compon- 
ent. This means that the temperature must be fixed 
in order to fix the system, provided that temperature 
is 327.83°F. or higher. If the temperature is lower 
than this level, steam alone could not exist under 
such conditions. 

Likewise, if a vessel were filled with water at 100 
pounds gage, the system would not be fixed unless 
the temperature were specified. In this case the tem- 
perature would have to be 327.83°F. or lower, since 
any attempt to raise the temperature above this level 
would cause an increase in pressure or the formation 
of two phases, if the pressure were held constant. 


Equilibrium Between Steam and a Gaseous Mixture 


Example 3: If a steam boiler, Figure 2, is operating 
with a pressure of 150 pounds per square inch abso- 
lute and a temperature of 357.9°F., it can be seen 
from the steam tables that the pressure on the boiler 
is higher than the corresponding saturation tempera- 
ture which is 358.43°F. This discrepancy would be 
an indication that some inert gas, such as air or car- 
bon dioxide, was present in the system. In order to 
determine the amount of inert gas present in the 
steam space, Dalton’s Law of Partial Pressures can 
be applied. The water itself would be exerting a va- 
por pressure of 149 pounds in the liquid, (and the 
dissolved gas 1 pound pressure) while the water 
vapor in the steam space would be exerting the 
same partial pressure, 149 pounds. This would mean 
that the inert gas was exerting one pound of pres- 
sure in the vapor space or 1/150 parts of the total 
pressure in the vapor space. Since the pressure ex- 
erted in the vapor space is proportional to the num- 


ber of molecules present, and in turn the number of 
molecules are proportional to the volume occupied 
by either gas, the inert gas would represent 0.667 
percent of the total volume in the vapor space. This 
same principle involving the Law of Partial Pressures 
is applied in the operation of vacuum evaporators for 
the refining of sugar. Knowing the boiling point of 
the sugar solution at a definite pressure, the sugar 
manufacturer can tell whether air has leaked into the 
evaporator by keeping a close check on the tempera- 
ture and the pressure of each vessel. 

Example 4: The Phase Rule and the Law of Partial 
Pressures can be applied to-the isothermal mixing of 
gases and vapors: 


If two cylinders of equal size are interconnected 
with a valve, Figure 3, one cylinder containing 
oxygen gas and the other nitrogen gas, both at the 
same temperature and pressure, the pressure on the 
system will not be changed by opening the valve. 
The nitrogen gas will diffuse into the oxygen cylin- 
der and the oxygen gas vice versa into the nitrogen. 
In this process the partial pressure of each gas is 
reduced to one half of its original pressure, but since 
the total pressure is the sum of the partial pressures, 
the pressure on the system is not changed. 


If the same two cylinders are interconnected, 
Figure 4, one containing nitrogen and the other 
steam with a small amount of water present, both at 
the same temperature and pressure, the opening of 
the interconnecting valve will result in a change of 
pressure provided both cylinders are maintained at 
the same temperature as they were before the valve 
was opened. For example, if the pressure in each 
cylinder were 14.7 pounds per square inch absolute 
and the temperature 212°F., the opening of the valve 
would cause the water to evaporate until the partial 
pressure of the water vapor or steam in the vapor 
space had become equal to the vapor pressure of the 
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NITROGEN OXYGEN NITROGEN NITROGEN 
AND ANDO 
OXYGEN OXYGEN 
FIGURE 3 
STATE | STATE Il 
Partial Pr. Total Pr. Partial Pr. Total Pr. 
(1) Nitrogen 14.7 Ibs. 14.7 Ibs. (1) & (2) Nitrogen Oxygen 

(2) 0 14.7 Ibs. 14.7 Ibs 7.35 Ibs. 7.3% ibs. 14.70 Ibs. 
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STATE- I STATE - I 
Dt 
CLOSED VALVE OPEN VALVE 
STEAM MTROGEN MTROGEN . 
ANDO AND 
STEAM STEAM 
IC) @) NITROGEN C1) (@) 
WATER WATER 
== = 
TEMP. 212°F- TEMP 212°F. 
FIGURE 4 
STATE | STATE Il 
Partial Pr. Partial Pr. 
(1) Water or Water Vapor 14.7 Ibs. (1) p+ a or Water Vapor 14.7 | Ibs. 
(2) Nitrogen 14.7 Ibs. (2) mene “3° ibs. 
Total Pressure on each container 14.7 Ibs. Water Vapor 7.35 Ibs. 


water. In other words, the total pressure on the 
system would now be 22.05 pounds per square inch 
absolute which would be made up of 2/3 water vapor 
and 1/3 nitrogen gas by volume. 

Example 5: The physical state of a definite quan- 
tity of water in a vessel of known size. 

(a) Ten pounds of water are injected into an 
evacuated vessel which is maintained at 350°F. The 
volume of the vessel is 10 cubic feet. 

(1) What will be the pressure on the vessel? 
(2) What percentage of the water will be evap- 
orated? 

(b) Same as (a) except 1 pound of water is in- 
jected. 

(c) Same as (a) except 50 pounds of water are 
injected. 

Before the phase rule can be applied to the above 
cases, it is first necessary to determine the number 
of phases present. The overall specific volumes for 
(a), (b) and (c) are 1.0, 10.0 and 0.2 cubic feet per 
pound respectively. In the steam tables? it is found 
that saturated steam (steam in equilibrium with 
water) has a vapor pressure of 134.62 pounds per 
square inch absolute at 350°F., and a specific volume 
of 3338 cubic feet per pound. Water at a temperature 
of 350°F. has a specific volume of 0.0181. Since the 
specific volumes for parts (a) and (c) fall between 
the values for saturated steam and liquid water, it 
is evident that both steam and water are present in 
these two cases. 

Solutions: (a) Ten pounds of water injected by making a 
material balance: 

Let x = pounds of water evaporated 
10—x= pounds of water condensed 
cu. ft. of water + cu. ft. of sat. steam = total space 
(10 — x) (.0181) + x (3.338) = 10 cu. ft. 
x = 2.96 lbs. of steam formed 
or 2.96 x 100= 29.6% evaporated 

(b) Since the specific volume of 10.0 is greater than that 

of saturated steam at 350°F. it is evident that the water is 
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Total Pressure on each container 22.5 Ibs. 


present as sattrated steam. By referring to the steam table it 
is found that super-heated steam having a specific volume of 
10.0 and a temperature of 350°F, must be under a pressure of 
47.22 pounds per square inch absolute. 

(c) Solving in the same manner as part (a) it is found that 
2.74 lbs. of water evaporate to form steam. 


For the benefit of those readers who are trying to 
get some actual training from this series of papers, 
the following exercises are offered as a test of their 
understanding of the principles which have been dis- 
cussed in this article. A solution of these exercises 
will appear at the end of the next paper appearing in 
this series. Only by working out such exercises can 
one really acquire a thorough understanding ani 
working knowledge of these physical and chemical 
laws. 

In each of the following cases determine what 
phases would exist in a closed vessel at the stated 
pressures and temperatures. Also determine the vol- 
ume of mol percent of each component in each phase. 

(1) H,O confined in a vessel at 212°F. and 16 
pounds per square inch absolute. 

(2) H,O confined in a vessel at 212°F. 
pounds per square inch absolute. 

(3) A vessel containing 1 pound each of nitrogen 
gas (molecular weight = 28) and H.O at 212°F. and 
16 pounds per square inch absolute. 

(4) A vessel containing 1 pound each of nitrogen 
and H,O at 212° F. and 40 pounds per square inch 
absolute. 

(5) At what pressure would water start to con- 
dense out of a mixture consisting of one pound each 


of nitrogen and H,O confined in a vessel at 212°F? 


and 10 
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The next paper will contain a further discussion of the phase rule 
and its application to the study of more complex systems such as 
those containing two or more hydrocarbons, 
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Liquid-Phase 


i simple hydrocarbon isobutane has in the past 
few years assumed a most important position in the 
petroleum industry, entirely on account of its ability 
to take part in the alkylation reaction. This reaction 
has proved to be the most economic process for the 
formation of high-octane constituent of aviation gaso- 
line. Aviation gasoline is not one chemical com- 
pound, but a mixture of compounds, each one con- 
tributing some desirable feature to the blend. 


An average composition for this gasoline is as fol- 
lows: 


Base stock from a catalytic 


ercchettin: GI 32 )6.550 os ities. 47.5 percent by volume 
Alkylate, i.e., the product : 
from an alkylation process....34.5 percent by volume 


Isopentane percent by volume 


The last constituent, isopentane, is added in care- 
fully controlled quantities to give the requisite vola- 
tility to the blend. 

The following diagram shows that one gallon of 
isobutane will serve to make over 4 gallons of 100- 
octane aviation gasoline. 


Butylene 
858 gallon 


Isobutane 
1.0 gallon 
7 


Alkylation 


Blending Aviation Alkylate 
34.5% 1.41 gals. (93.0 ASTM Octane) 
+ 
18% lsopentane 
74 gals. (90.0 ASTM Octane) 
Depentanized Aviation Base Stock 
(35% 4CF P:) 
47 5% 1.95 gals. (80.0 ASTM Octane) 
ho ote gener 
Tetra Ethyl Lead 
equals 
100% 100 Octane Aviation Gasoline 


4.1 gallons 


Other olefins besides butylene will alkylate with 
isobutane, e. g., propylene and amylene. Admittedly, 
isopentane can be used in place of isobutane 
in the alkylation reaction, but this compound is not 
available in the required quantities and, moreover, 
it gives an alkylate of too high a boiling range. Ole- 
fins such as propylene, butylene, and amylene can be 
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Isomerization 








Alkylation-lsomerization Unit 


a explanation of the isomerization reaction from 
the May-June, 1943, issue of Heat Engineering, is an 
example of giving technical information in simple 
language. 

The refining industry has its thousands of men who 
of necessity must play a role in processing, which they 
do not understand. What takes place in an isomeriza- 
tion plant can be understood by a study of this non- 
technical article. 





obtained with relative ease from cracking operations, 
but isobutane is unique in its ability to react with 
these olefins to produce a suitable alkylate. Thus, the 
urgent call came to the industry for the preparation 
of large quantities of isobutane, and the answer to this 
pressing problem was isomerization. Without iso- 
merization, petroleum refiners would have been com- 
pelled to limit their alkylation operations owing to a 
shortage of naturally occurring isobutane. 

It may be asked, “Exactly what is an isomer and 
isomerization?” Chemical compounds are isomers 
when they have the same chemical formula but dif- 
ferent internal structure. Both normal butane and 
isobutane have the same chemical formula, C,H,,, 
that is, a molecule of normal butane and isobutane 
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each contain 4 carbon atoms and 10 hydrogen atoms, 
but normal butane has the following structure: 


HHH H 


| | 
tht 
H HH H 


Whereas, isobutane has a structure thus: 
Boe 
Ce er ae Bada 
H H 
H—C—H 


| 
H 


No other isomers of butane are possible, for instance: 
H HH 


meee 
oe 
H—C—H 
i 
is still normal butane as regards the essential struc- 
ture. It may be mentioned in passing that pentane 
has 3 isomers and hexane has 5. 

Normal butane and isobutane have different physi- 
cal properties; in particular the boiling points at at- 
mospheric pressure are as follows: 

Isobutane, 14°F. 

Normal Butane, 31°F. 
This difference makes possible the separation of the 
two in commercial plants in an adequate state of 
purity. 

It is a well recognized fact in organic chemistry 
that a hydrocarbon containing a carbon atom which is 
attached to three other carbon atoms (this is termed 
a tertiary carbon atom) tends to enter into chemical 
reactions more easily than a hydrocarbon having no 
such tertiary carbon atoms. It is to be noted that 
isobutane contains one tertiary carbon atom, while 
normal butane contains none. This in itself is no 
genuine reason why isobutane will alkylate with an 
olefin and why normal butane will not, but it is one 
further instance of the enhanced chemical activity 
shown by a tertiary carbon atom. 

There exists a natural tendency for normal butane 
to change into isobutane, and vice versa, until a cer- 
tain proportion of each compound is present; this 
mixture is then termed an equilibrium mixture. At 
any given temperature it is possible to calculate by 
thermodynamics the composition of the equilibrium 
mixture between the two isomers. However, if nor- 
mal butane is merely placed in a vessel, the rate of 
change into isobutane, and thus the length of time 
required even to approach the equilibrium mixture, is 
much too long for any commercial requirements. 
The isomerization processes for manufacturing iso- 
butane are purely catalytic ; that is, the normal butane 
enters a reaction zone in which catalyst is present. 
Conditions in this zone are such that a rapid change 
occurs in the direction of establishing the true equi- 
librium mixture between the two compounds; true 
equilibrium is never reached, as the rate of forma- 
tion of the compound which is deficient falls off as 
the composition of the mixture approaches that of 
true equilibrium. While some plants operate so that 
the isobutane content of the product is 80 percent of 
that which would be obtained if true equilibrium 
were actually reached; most plants produce a mix- 
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ture which is even further from true equilibrium than 
this figure. 

Although in the reaction zone certain by-products 
are formed that are both heavier and lighter than bu- 
tane, operating conditions are selected to recover 
on the average more than 98 percent of the total bu- 
tane charge as either normal or isobutane. 

The first isomerization plants to be erected oper- 
ated with the butane charge in vapor phase in the 
catalyst chamber. . The catalyst used was aluminum 
chloride. Although the precise mechanism of the re- 
action is not known, it was found necessary to run a 
small quantity of hydrogen chloride through the cat- 
alyst chamber with the butane stream to act as a pro- 
moter. In these vapor-phase plants, the aluminum 
chloride was almost invariably. distributed on a sup- 
port in order to provide a large surface for the re- 
action. With operating temperatures in the region 
of 250° F. and pressures approximately 200 pounds 
per square inch, butane products containing 40 to 45 
percent isobutane have been obtained, though a lower 
figure is usual. 

Probably owing to the accumulation of high-boil- 
ing-point by-products on the catalyst, the activity of 
the catalyst declined until it reached a point where 
it was no longer economic to continue using it. The 
catalyst was then emptied from the vessel and 
discarded. This not only presented a disposal prob- 
lem for the aluminum chloride, but also necessitated 
discarding the support which also was coated with 
non-recoverable catalyst. Moreover, the emptying of 
a catalyst vessel, several hundreds of cubic feet in ca- 
pacity, and the bringing into operation of the same 
vessel filled with fresh, and, therefore, highly active 
catalyst, gives an unsteady type of operation which 
is to avoided if possible. In addition, there is the 
labor involved in emptying and refilling the vessel 
and the greater attention required of the plant oper- 
ating crews. 

Resource was undertaken in order to provide a 
solution to the above problems associated with va- 
por-phase operations, and an answer has been found 
in a liquid catalyst with which butane in liquid phase 
is brought into contact. Aluminum chloride still re- 
mains as the essential constituent of such a catalyst, 
and hydrogen chloride is still found necessary to act 
as promoter; but the addition of certain substances 
to aluminum chloride yields a liquid which can be 
handled in non-specialized equipment. Moreover, a 
liquid catalyst lends itself to regeneration, as it is 
possible to arrange for continuous removal of the by- 
products which cause loss of activity and the injec- 
tion, if necessary, of any constituents of the catalyst 
which are consumed in the process. 

The operating temperature of the liquid-phase 
process is approximately the same as that for the 
vapor phase. Accordingly the operating pressure has 
to be somewhat higher. This is, however, offset by 
the following advantages: 

1. Somewhat higher conversion per pass—45 to 55 
percent. 

2. Lower catalyst consumption and lower catalyst 
cost per unit volume of isobutane manufactured. 

3. No discard and disposal problem associated with 
the catalyst support. 

4. Substantially smaller volume of catalyst re- 
quired for a given quantity of isobutane. 

5. Lower maintenance costs and elimination of 
labor costs associated with emptying and refilling 
catalyst vessels in vapor-phase operations. 
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An Efficient 





Low-Holdup 





Laboratory Column* 


JOHN R. BOWER, JR.,t and LLOYD M. COOKE 
McGill University, Montreal, Canada 


a THE hydrogenation studies.on lignin being car- 
ried out in these laboratories a highly efficient, low- 
holdup laboratory fractionating column was urgently 
needed. Although the problem of devising such a 
column has been a common one throughout the his- 
tory of organic chemistry, it has only been in the 
past few years that successful investigations have 
been carried out in this field. Of several recent com- 
prehensive articles concerning laboratory fractiona- 
tion columns, those of Whitmore et al.” and Pod- 
bielniak® are the most important, since these two 
articles contain a critical discussion of all recently 
developed fractionating columns. 

The specific problem faced in these laboratories 
was the separation of a mixture of aliphatic and 
cyclic alcohols (6 to 10 cc. in volume) which boiled 
over a range of 90° C. at 20 mm. to 180° C. at 1 mm. 
This required maximum theoretical plate efficiency 
accompanied by a total liquid holdup of less than 1.0 
cc. Of the columns reported in the literature, the 
Purdue spiral screen® and the Podbielniak Heli-Grid® 
types of packing appeared to be the most satisfac- 
tory. The only objections to the use of these two 
designs were the difficult task of making a spiral 
screen with an outside diameter of 5 mm. or less, 
and the prohibitive cost of the excellent Podbielniak 
column. 

Other excellent columns were considered inappli- 
cable. The high-efficiency low-holdup column de- 
scribed by Selker, Burk, and Lankelma (concentric- 
tube packing)® presents construction difficulties, re- 
quires a long time to attain equilibrium conditions 
(9 to 12 hours), and requires expensive temperature 
control equipment. The low-holdup spinning-band 
column developed by Baker, Barkenbus, and Ros- 
well? has too low an efficiency (H.E.T.P., 7.8 cm), 
while the efficient, small-diameter Stedman column? 
is difficult to construct and has a relatively high 
liquid holdup (0.18 cc. per plate). 

A suggested alternative was the use of a type of 
packing proposed by D. F. Stedman of the National 
Research Council of Canada. According to. this au- 
thority, an efficient packing for small-scale work 
should be obtainable by use of a narrow strip of wire 
gauze twisted to produce a series of vertical plates 
at an angle of 90° to each other. An investigation 
Was carried out, therefore, on the applicability of 
Such wire-gauze spirals as packings in fractionating 
columns. 


—_—_—_—. 

* Reprinted from Industrial and Engineering Chemistry, Industrial 
Edition, April 15, 1943. 

} Present address, Research Laboratories, American Cyanamid Co., 
Stamford, Conn. 

t Present address, Research Department, Corn Products Refining 
Company, Argo, Ill. 
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Wire Packing. After several attempts to prepare a 
satisfactory packing, the following method was 
adopted : 

A strip of 50 (or 6040) mesh Monel-metal- 
wire gauze (1.5 times the length of the glass column) 
was cut from a sheet of this material with heavy 
scissors. The width of the gauze should be approxi- 
mately two wire strands greater than the diameter 
(4 to 6 mm.) of the tube to be packed. The two out- 
side longitudinal strands were then removed and the 
projecting lateral strands bent back in one direction 
until the strip fitted tightly in the glass column. The 
gauze strip was then ready for twisting. This was 
accomplished by use of two pairs of round-nosed 
pliers, the nose of one pair of which had been ground 
to a thickness of about 0.15 cm. (0.06 inch). The top 
of the gauze strip was gripped tightly with the thin- 
nosed pliers and 0.3 cm. (0.125 inch) away with the 
standard pliers, and the strip was then twisted 
through 90° with a simultaneous compression force, 
so that when the two pliers were at an angle of 90° 
they were touching each other. This resulted in the 
formation of two flat vertical planes at 90° to each 
other separated by two horizontal, opposed quad- 
rants. The further twisting of the gauze strip was 
accomplished by gripping it just below the first bend 
with the thin-nosed pliers and 0.3 cm. (0.125 inch) 
below that point with the standard pliers. The twist- 
ing (in the same direction as the first turn) and com- 
pression motions were then carried out as described 
above. This entire process was repeated until the 
whole strip had been converted into a series of about 
0.3-cm. (0.125 inch) vertical gauze platelets as shown 
in Figure 1. 


It is essential that the vertical axis of each platelet 
coincide with the line of axes of the adjoining plate- 
lets if a perfect fit is to be obtained, and it is there- 
fore necessary to make certain that each platelet is 
properly centered before proceeding to the next. 
When the entire strip had been so treated it was found 
that the previously flattened horizontal strands had 
spread somewhat and that the strip no longer fitted 
the column. This was remedied by rolling the twisted 
strip back and forth on a hard flat surface and tapping 
gently with the flat side of a hammer until the pack- 
ing just fitted the glass column. The simplest method 
for inserting the modified spiral was to lubricate it 
with oleic acid and pull it through the glass tube 
with the aid of a strand of copper wire tied to the 
end of the packing. The oleic acid was removed with 
ethanol and the copper wire dissolved in concentrated 
nitric acid. 

If the packing has been properly constructed, a 
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continuous film of liquid will be formed at the two 
lines of contact between the glass and the gauze 
when alcohol is poured down the column. If there 
are no more than a few (up to about five) breaks in 
the gauze-glass liquid film, the packing is consid- 
ered satisfactory. If many such breaks occur, it is 
advisable to prepare a new packing. If the packing 
is made up of more than one continuous strip, it is 
not necessary to join the component strips, as two 
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SCALE: CENTIMETERS 


with regard to ease of construction of the packing 
and total plate efficiency of the column. 

The specially tapered and drilled ground-glass 
joint was made from a 12/30 male joint and was so 
constructed as to eliminate flooding at the joint. The 
flasks (still pots) were pear-shaped and it was found 
that 15-, 30-, 60-, and 100-cc. sizes were most con- 
venient. All the flasks were equipped with 12/18 
female grounds, so that the tapered end of the male 
ground projected below the closed area of the 
joint. 

The still head was of the “partial condensa- 
tion” type with cold-finger condenser. The 
inlet tube to the condenser was connected to a 
hot (90° C.) and cold water supply by means 
of a T-tube, so that it was possible to control 
the temperature of the condenser within the 
range of 20° to 90° C. 

Adiabatic conditions were approximated by 
the use of an electrically-heated vacuum jacket. 

Column Heating Unit. The column was heated 
by means of a spiral of 8 mm. (1/32 inch) 
Nichrome ribbon wrapped uniformly around 
the vacuum-jacketed column, so as to produce 
a resistance of 12 to 20 ohms per foot. The 
Nichrome ribbon was carried beyond the 
packed, vacuum-jacketed portion of the column 
as far as the take-off side arm and the spirals 
were placed closer together in this area. The 
temperature outside the vacuum jacket was de- 
termined by means of a thermometer placed 
inside the air jacket. 

The control circuit for the column heating 
unit consisted of a sensitive variable rheostat 
providing a range of 0 to 40 volts across the 
column heater. The bath consisted of an 
asbestos-wrapped, 400-cc. beaker wound with 
24-gage (B. & S.) Nichrome wire (40 to 50 
ohms) through which a variable resistance 
circuit operated, providing a range of 0 to 
110 volts. 
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FIGURE 1 
Column Packing 


FIGURE 2 


Fractionating Column, Condenser and Rectifier 


or more strips touching each other firmly have been 
found to give satisfactory results. 

Glass Column. The glass portion of the fractionating 
column was of very simple design, as shown in 
Figure 2. 

Although the sketch of the apparatus as used in 
these laboratories is drawn to scale, the only dimen- 
sions which are of significance are: (a) packed sec- 
tion, 5.0 + 0.5 mm. in inside diameter; (b) cold- 
finger condenser, 10.0 + 1.0 mm. in outside diameter ; 
(c) reflux head, 15.0 + 1.0 mm. in inside diameter. 
The delivery tube should be as small as possible, 
the limiting factor generally being that of the vis- 
cosity of the condensate. In this investigation tubing 
5 mm. in inside diameter was found to be satisfac- 
tory. Although the packed sections of the columns 
constructed in these laboratories have varied in size 
from 37.5 to 112.5 cm. (15 to 45 inches) lengths of 60 
to 90 cm. (24 to 36 inches) are most satisfactory 
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8 10 
12/30 STANDARD, GROUND 
WITH HOLE AS SHOWN 





The fraction receiver, also shown in Figure 
2, was a modification of the Ellis type* in which 
the receiving tubes are held on the movable 
axis, A, at points B-B with rubber bands and 
the size of the tubes is governed by the size 
of the fractions to be collected (0.4 cm. in 
diameter & 5 cm. in length for 50- to 300- 
mg. samples, or 0.6 cm. & 8 cm. for 0.50- to 
1.5-gram samples). 

Operation of the Column. In an actual fractionation 
the procedure was divided into three stages— 
namely, flooding, establishing equilibrium conditions, and 
collecting fractions. In order to simplify the regulation 
of the bath and column temperatures during the 
equilibrium stage it was found advisable to make 
certain observations during the flooding operation. 
The following procedure proved most satisfactory: 


The product to be fractionated (8 to 30 cc.) was 
placed in one of the still pots containing glass wool, 
this serving as an excellent antibumping agent at 
both atmospheric and reduced pressures. The con- 
tents of the flask were heated slowly by means of the 
electrically-heated oil bath until distillate appeared 
in the lower 5 to 7.5 cm. (2 to 3 inches) of the packed 
section, whereupon the current passing through the 
bath heater was so adjusted that the bath tempera- 
ture, T,, remained constant. The voltage (or am- 
perage, depending upon whether current control is 
maintained with a voltmeter in parallel or an an- 


AND 
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meter in series with the bath heater) was 
recorded as V,, since the bath temperature 
at this stage was generally the same as that 
used in the equilibrium stage. As soon as 
this voltage value was attained the current 
through the column heater was gradually 
increased from zero until the point at 
which the liquid film at the base of the 
packed section almost disappeared. The 
voltage across the column heater at this 
point was recorded as V,. n 

Flooding was now accomplished by in- 
creasing the bath temperature rapidly (110 
volts across the bath), the column voltage 
being maintained at V,. When all the pack- 
ing had been flooded the current across the 
bath heater was lowered to V,. The bath 
was cooled to T, by inserting a Pyrex test 
tube containing cold water into the bath, 
and the bath surrounding the still pot was lowered 
cautiously in order to allow the packed section to 
drain slowly. There was so little tendency for the 
packing to dry during the draining operation that the 
bath frequently could be removed completely until 
the final traces of excess liquid had drained into the 
flask, 

When all the excess liquid had drained from the 
packed section, the bath was raised again and the 
bath temperature then regulated to give a reflux rate 
(condensate return from drip point of cold finger) of 
approximately 30 drops per minute (38 to 40 cc. per 
hour) for 30 minutes in order to reach equilibrium. 
Although this period may appear short, test runs at 
total reflux showed an increase of less than one 
theoretical plate (23-plate column) when the time 
was extended to 90 minutes. 

The actual fractionation was carried out either 
continuously or in batches. In the continuous method, 
which required careful control of the cold-finger tem- 
perature, distillate was collected continuously at a 
rate of about 100 to 200 mg. per hour. In the batch 
method 100-mg. samples of distillate were collected 
every 45 minutes by rapidly increasing the tempera- 
ture of the cold finger. As soon as the sample ap- 
peared in the side arm the cold finger was cooled 
down to total-reflux temperature again and the sys- 
tem permitted to attain equilibrium (30 minutes at 
total reflux). 

The column was found to operate satisfactorily 
either at atmospheric or reduced pressure, and ma- 
terials boiling as high as 200°C. at 1 mm. could be 
distilled successfully. 

Efficiency of the Column. The theoretical plate values 
on the column were determined by use of methyl- 
cyclohexane-n-heptane mixtures according to the pro- 
cedure described by Ward.’ The liquid holdup was 
determined by the method of Fenske. The results 
of efficiency measurements on a pre-flooded 43-cm. 
(5 mm. in inside diameter) packed section are shown 
in Table 1. 

The flood point was found to be slightly more than 


TABLE 1 
Efficiency Tests on 43-Cm. (17-Inch) Fractionating Column 

















Reflux Rate Operating 
(at Top of Column) H.E.T.P. oldup 
a nl Ce: 
Ce. /Hour Drops/ Plates Cm. Inches Cc. /Plate 
Min 
38.5 32 23 1.88 0.74 0.045 
63.0 52 19 2.28 0.89 eres 
84.0 70 17 2.54 1.00 ans 
110.0 92 15.5 2.79 1.10 0.066 
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GRAMS DISTILLED 
FIGURE 3 
Fractionation Curve of Products from Hydrogenation of 
B-Hydroxypropiovanillone 


110 cc. per hour reflux (measured at top of column). 
This value was fairly constant at atmospheric or re- 
duced pressures except where the viscosity of the 
liquid was relatively high. 

Other columns, packed and operated as described 
above and having efficiencies of 28 to 45 plates 
(length of packing, 50 to 90 cm., 20 to 36 inches), 
have been used extensively in these laboratories. 

Sample Fractionation. Beta - hydroxypropiovanil!one 
was hydrogenated in dioxane solution over CuCrO 
at 280°C. Three grams of the products. were frac- 
tionated in a Monel-metal-packed, 51-cm. (20.5-inch), 
28-plate column constructed as described above. The 
results are shown in Figure 3. The identity of the 
products (3-cyclohexylpropanol-1 and 4-n-propylcy- 
clohexanol) was proved by preparation of their 
phenyl urethanes. The fractionation conditions were 
as follows: distillation pressure, 20 mm.; bath tem- 
perature, 120° to 150° C.; column temperature, 70° 
to 100° C.; reflux rate (at top of column) 30 drops 
per minute; total pressure drop at the above reflux 
rate, 0.7 mm. (0.025 mm. per plate) ; flood point, 110 
cc. per hour reflux; take-off rate, 0.2 cc. per hour. 
When the quantity of residual, unfractionated mate- 
rial became less than the holdup of the column, it 
was forced over into the receiver (last point on frac- 
tionation curve) by raising the column temperature. 

Summary. An efficient, easily constructed, low-holdup 
fractionating column having an H.E.T.P. of 1.88 cm. 
and a liquid holdup of 0.45 cc. per plate is described. 
This apparatus compares favorably with the larger, 
Purdue spiral-screen column,® but is less efficient 
than the more expensive Podbielniak Heli-Grid col- 
umn.® Columns of varying lengths (5 mm. in diame- 
ter) having theoretical plate values from 23 (42.5 
cm., 17 inches) to 45(90 cm., 36 inches) have been 
constructed and employed for the fractionation of 
small quantities (6 to 15 cc.) of liquids boiling from 
100° C. at 760 mm. to 200° C. at 1 mm. 

When wood meal is treated with ethanolic hydro- 
gen chloride, a portion of the lignin is converted into 
a mixture of relatively high-boiling phenols, ketones, 
and aldehydes,’ which, in the past, have been labori- 
ously separated on the basis of their chemical prop- 
erties. Although the applicability of fractional dis- 
tillation to this problem was considered frequently, 
there was no highly efficient apparatus available for 
the fractionation of very small quantities (0.5 to 1.5 
cc.) of high-boiling (85° to 150° C. at 1 mm.) mate- 
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rials. [Since this article was submitted for publica- 
tion it has been called to the authors’ attention that 
a very efficient semimicrocolumn is described in a 
recent paper.”] 

The development of the packing described above, 
however, led to the construction of an efficient “semi- 
micro” fractionating column of simple design and 
operation which has proved to be of great value in 
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FIGURE 4 


Semimicrocolumn 


the separation of the phenolic and ketonic products 
obtained in the ethanolysis of wood meal. Examples 
of such fractionations using this semimicrocolumn 
will appear in forthcoming papers by Hibbert et al. 

Operation of the Column. It is unnecessary to give a 
detailed description of the construction of the column 
which is shown in Figure 4. The packing is described 
in detail above, and the Pyrex portion can be built 
by the average amateur glass-blower from the sketch. 

The operation of the semimicrocolumn, although 
relatively simple, does require a fair degree of care 
if optimum results are to be attained. 

The liquid sample (0.6 to 1.5 cc.) dissolved in a 
low-boiling solvent was placed in the bulb, A, to- 
gether with a wad of glass wool. The side arm was 
closed with a glass rod plug, B, as shown in Figure 4 
and the solvent was removed at atmospheric pres- 
sure. ‘Until equilibrium was attained the procedure 
was the same as that described above — flooding, 
draining, then slow, controlled reflux for 30 minutes. 
The vapor was condensed for reflux by. means of an 
air jet directed on the top of the column. The sample- 
collecting procedure was similar to the “batch” 
method described above. In order to collect a frac- 
tion, a current of approximately 1 ampere was sent 
through the 4-ohm heating unit, C, in the column 
head. As soon as distillate appeared in the side arm 
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the current through C was shut off, the bath lowered, and 
the bath temperature raised. While the temperature of 
the bath was being raised to the flood point the fraction 
was removed from the receiver, D, as follows: 

Air (or better, nitrogen) was admitted to the sys- 
tem and the liquid in D removed through side arm E 
to a tared test tube with the aid of a clean medicine 
dropper. The residual liquid in D and that remaining 
in the medicine dropper were washed into a second 
tared test tube by use of a pure low-boiling solvent 
(ether or ethanol). (In washing D, it was important 
that some solvent be forced back into the column in 
order to remove all traces of the first fraction from 
the condensing area.) After the washing operation 
the system was closed and re-evacuated, the bath 
was raised, and the procedure of flooding, draining, 
and refluxing was repeated. 

The fractions obtained by this procedure, using the 
apparatus shown in Figure 4, weighed approximately 
50 mg. If larger samples were desired—e.g., 100 mg. 
—the procedure was modified as follows: 

After the first fraction had been forced over, the 
current in C was shut off, but the liquid in the pot 
was allowed to reflux at the same bath and column 
temperatures as were used prior to the collection of 
the first fraction. After refluxing had been continued 
for about 30 minutes, a second fraction was collected 
and the total contents of receiver D were removed 
as described above. 

The column, as shown in Figure 4, was designed 
for the fractionation of high-boiling materials (85° 
to 150° C. at 1 mm.). For lower-boiling compounds 
(100° C. at 760 mm. to 100° C. at 10 mm.) it would 
be necessary to modify the head by removing the 
asbestos shield and to employ cooling (for total re- 
flux) with a current of air. Both systems have been 
employed successfully in these laboratories. No plate 
determinations have been made on the semimicro- 
column, but on the basis of the previously described 
determinations on this new type of packing, the col- 
umn shown in Figure 4 (13-cm. packed section) 
should have a 7-plate efficiency. 

These “semimicro” columns are excellently suited 
for the final purification of “fractions” obtained from 
the larger columns described above. Frequently the 
“flat” portion of a fractionation curve (obtained from 
10 to 15 cc. of a mixture) contained traces of lower- 
and higher-boiling impurities but the total volume of 
the fraction was too small (1 to 3 cc.) to permit re- 
fractionation. Such a material could often be purified 
readily by refractionation in the semimicrocolumn 
with a recovery as high as 80 to 90 percent. 
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Analysis of Butane-Isobutane 


Mixture 


ALFRED W. FRANCIS, Socony-Vacuum Oil Company 


Reprinted from Industrial and Engineering Chemistry, Analytical Edition, 15, 7, pp. 447-448, July, 1943 


 ———- of n-butane and isobutane, such as 
might result from isomerization processes or from a 
preliminary fractional distillation of natural or casing- 
head gas, are commonly analyzed by low-temperature 
fractional distillation, as with a Podbielniak still. For 
accurate results this requires a trained technique, at least 
3 hours’ time, and at least 10 grams of sample. For con- 
trol purposes the time factor especially is a detriment. 

Alternative methods proposed are the percentage of a 
gaseous mixture condensed at dry ice temperatures,’ the 
shape of the pressure-volume isothermal curve,’ the in- 
dex of refraction at —25° C.* and Raman spectra.* The 
first two seem crude and inaccurate, the third requires 
special technique, and the last requires expensive appa- 
ratus. Another method tried is the temperature of dis- 
appearance of the interface between the liquefied butanes 
and water (19° C. for n-butane, 3° C. for isobutane,/) ; 
but it was found difficult to observe this temperature 
with sufficient precision. 

The method here proposed? is the observation of the 
critical solution temperature of the butane mixture with 
pure o-nitrotoluene. 


Apparatus and Procedure 


The apparatus consists of glass tubes or ampoules, 10 
to 20 cm. long and 5 to 8 mm. in diameter, sealed at one 
end and draw n down to a narrow neck at the other, 
about 1 to 2 mm. in diameter. These are filled about 30 
percent full with o-nitrotoluene through a capillary fun- 
nel, and immersed in a cold bath of dry ice and acetone 
(which freezes the o-nitrotoluene). A sample of butanes 
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to be analyzed is condensed into a tube through a 
capillary funnel, filling the tube to about 1.7 times the 
depth of the solid o-nitrotoluene—i.e., the tube is about 
75 percent filled. 

The tube is then sealed at the neck with the fine flame 
of a blast lamp while the tube is still immersed in the 
cold bath. The tube is attached by rubber bands to a 
thermometer reading preferably in fractions of a degree, 
and immersed in a water bath such as a large glass test 
tube. By frequent tipping of the tube with gradually 
rising temperature or twirling with falling temperature, 
the point of disappearance or reappearance of cloudiness 
can be observed within 0.1° or 0.2° C., corresponding 
to less than 1 percent error in percentage of isobutane. 
The test requires 10 to 15 minutes. 


The composition of the butanes is a linear function 
of the critical solution temperature, as illustrated in 
Table 1 and Figure 1. 

Other solvents could be used in place of o-nitrotoluene, 
as shown in Table 2. 


The high freezing point of acetophenone, 19.7° C. 
makes it less convenient, since it sometimes crystallizes 
out during a determination ; and the higher critical solu- 
tion temperature with isobutane in the case of the other 
solvents means a higher pressure and greater risk of 
breaking the tubes, as well as less precise temperature 
reading. Moreover, cresol and eugenol are less readily 
available in pure form. 
































TABLE 1 
Composition of Butanes 
Isobutane 
Critical Solution Present, Found 
Temperature, °C Percent | Percent 
RMR Sak avs v9 0 -0ix'sd'occ-a in: b6 eS a ee ee 0 0 
TS a 5, ah 0 ko are e OOS nts bce PeenebeeS hae 4 4.0 
TRG. é. 0.3. dis 5 Sow Weewddepawss Kath piasaanence 39.8 39.4 
5 a ee eee ete Ne RE re SS 71.4 mS 4 
DIRS ok 5 bcs. 0 60 be Walks peep i Rawabi ade wee heen ee 100 
TABLE 2 
Critical Solution Temperature 
n-Butane | Isobutane 
SOLVENT “Gs "<i. 
CIO 6 oo. 66 65s i oak RN eis ee ee ee 10.6 24.5 
Fo ee SET ee Gays ere ery at 29.8 50.5 
SE CUUANOMIED «0's ib. 50k 00S wn he ko wie ee 14.2 45.5 
isos 6 8 asd 2k ba owen bw we eee 23.0 43.0 
PRR 55 oo pw otic ap eeu eel eee 40.0 61.0 
BIT sk. Be Sia vic ake bd aes ee 84.1 109.0 
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Effects of Contaminants 


The method is intended for analysis of a wholly butane 
mixture. Olefins must be absent, since a small percent- 
age would lower the critical solution temperature con- 
siderably. This condition is met readily as isomerization 
catalysts destroy any olefin gas present. Presence of 
water in the sample is objectionable—it freezes and 
plugs up the capillary funnel, but it does not affect the 
critical solution temperature, probably because it is so 
slightly miscible with either the nitrotoluene or the 
butane. It can be removed with a calcium chloride drying 
tube in the gas line before condensation. 

The presence of other paraffins affects the determina- 
tion to some extent, as illustrated in Table 3 and 
Figure 2. 

Thus the presence of 1 percent propane in the “butane 
mixture” would cause an error of about 2.6 percent iso- 
butane too high. One percent of isopentane would make 


TABLE 3 
Critical Solution Temperatures with Aromatic Solvents 











| 
; | o-Nitro- | Nitro- | 
| toluene | benzene | Aniline 
PARAFFIN €¢. | *C. *¢. 
| 
| 
Propane 65 None None 
Isobutane 32.8 61 109 
n-Butane... ' Pa 12.5 40 84.1 
Neopentane “+ 30§ 54§ 102§ 
Isopentane ; boeae 9 } 32 78.4 
n-Pentane. 2 24 71.5 
Neohexane. .. 11§ | 33§ 81 
n-Hexane 1 21 69.1 
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the percentage of isobutane only 0.2 percent too low, 
and a similar amount of m-pentane about 0.5 percent too 
low. If the amounts of these paraffin impurities are 
sufficient to interfere with the determination, it is 
probably necessary to run a distillation analysis. Table 3 
and Figure 2 include the other two solvents to show the 
remarkable parallelism for different aromatic solvents. 
Propane is omitted in those cases because its critical 
temperature is reached without mixing with aniline’ or 
nitrobenzene. The aniline critical solution temperature 
of neopentane was estimated in a previous paper,’ and 
the other estimates were made by paralleling those with 
aniline. 

The effect of ratio of solvent to hydrocarbon is shown 
in Figure 3, observed with a sample of butane contain- 
ing 7 percent of isobutane. If the percentage of o-nitro- 
toluene is between 45 and 55 percent (30 to 40 percent 
by volume) the solution temperature is not over 0.1° 
below the critical solution temperature. A mixture out- 
side these limits in composition would be noticed readily, 
since the final position of the interface would be far 
from the middle of the system. 
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How We Reclaim Pump Rods 
By Metal Rebuilding 





WILLIAM J. TAYLOR, 
Machine Shop Foreman, Sinclair Refining Company, 
Marcus Hook, Pennsylvania 


} Ts ieseiaditis difficulty in getting new bar stock 


for pump-rod replacement had much to do with the 
decision to adopt metal spraying as a means of re- 
storing rods, its success in the Marcus Hook plant 
has been such that it will be retained after the war 
emergency again permits free purchase of alloy 
steels. Success of metal application for other equip- 
ment was hardly sufficient to convince me of its 
feasibility for reciprocating pump rods, but the ur- 
gency of the situation dictated a demonstration of 
equipment with the result that it was installed. 

The reciprocating pumps in service at the Marcus 
Hook plant represent the output of most of the lead- 
ing manufacturers of this equipment. 

They operate at pressures up to 300 pounds. Tem- 
peratures of liquids under transfer are as high as 
650° F. When handling non-lubricating products the 
rods wear rapidly at the packing areas and the un- 
evenness of this wear calls for frequent replacement. 
This is particularly true of pumps in service on hot 
and cold gasoline where rod life varied from two 
weeks to two months. 

Previously it was our custom to make up pump 
rods in the machine shop from new stainless-steel 
bar stock. Reclamation consisted of remachining 
worn rods down to smaller diameters for use in 
smaller pumps. This was expensive, as each machin- 
ing meant cutting away valuable metal and in time 
rods become too small for any service and found 
their way into the scrap metal bins. 

With the restriction on alloy steels because of its 
use in war-plant construction, it became impossible 
to follow the former practice of reducing the dia- 
meter of worn rods for adaptation in smaller units. 
The decision to rebuild surfaces of worn rods with 
molten metal application was dictated by this neces- 
sity plus successful experience in other plants. 

We had accumulated an assortment of pump rods, 
which were ready for metal application. 

A standard shop procedure has been adopted for 
tesurfacing these rods. First a rod is mounted in a 
lathe and the worn sections under cut 1/16-inch on 
the diameter. This under-cut section extends about 1 
inch beyond the worn section in each direction. 

Next, a 30-degree pitch thread is run across the 
under-cut area, after which it is treated with a rotary 
shaft preparing tool. For a rod of average length 
15/16 inch in diameter and 4 feet long, the time 
required for these steps in 30 minutes. 

The most important fact to remember about 
sprayed metal is that it adheres to the parent metal 
only by the mechanical bond and any foreign matter 
such as oil or dust, even finger prints impair. the 
bond. It is advisable to spray the rod immediately 
alter the preparation. 

For spraying, the gun is mounted in the tool 
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holder, with the work revolving at 63 r.p.m, and the 
carriage advance 1/30-inch per revolution or 7% 
threads per inch. Successive passes are made with the 
gun until sufficient metal has been applied, normally 
a coating .008 inch thick provides adequate allowance 
for finished grinding. Average time for spraying is 
35 minutes. 

As soon as metallizing is completed, the gun is re- 
moved from the carriage and replaced by a tool post 
grinder. Using a medium grain wheel, spindle speed 
is set at 63 r.p.m, with an advance of 1/120 inch per 
revolution, or 30 threads per inch. This final step is 
completed in 1 hour, 55 minutes, total time for prep- 
aration, spraying and grinding, 2 hours, 55 minutes. 

We are now getting better results from sprayed 
rods of steel alloy than we did from the original al- 
loy rods. Records show that we have not purchased 
a single pound of alloy stock for pumps since the 
equipment was installed. In the event that a rod is 
broken or otherwise damaged beyond repair, we re- 
place it by turning one out of ordinary cold-rolled 
steel, then alloy coating its surface. With the proper 
grinding we thus obtain a finished rod of stainless 
steel coating at lower cost. This also applies to 
bronze rods, which operate under high pressures 
where the many products carry no lubricant, and 
would rapidly become scored but for the alloy coat- 
ing. ; 

By restoring each worn rod and repeating as wear 
requires, we not only save the cost of the machining 
or turning down to a tapered fit, and threading for 
pistons and cross heads, but also have eliminated 
the purchase or manufacture of replacements. In ad- 
dition, it is estimated that the wear- and corrosion- 
resistant quality of the sprayed metal, as compared 
to base metal, have increased rod life as much as 
800 percent. Equally significant is the increase in the 
life of the packing, which has risen to almost 80 per- 
cent more than that obtained with unmetallized rods. 

The facilities we have for this work are small. The 
building is separated from the main shop. 
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Synthesis of Gasoline from Carbon 
Monoxide and Hydrogen at 


Atmospheric Pressure 


FRANZ FISCHER, The Institute for Coal Research, Mulheim, Ruhr, Germany 
(Translated from Brennstoff-Chemie, Vol. 16, pp. 1-11, 1935) 


ae domestic demand for motor fuel is far greater 
than can be met by petroleum supplies or coal-tar 
products within the country. Relative to crude-oil 
supplies, large deposits of anthracite and lignite coal 
are available. To use coal as the only source of motor 
fuel large quantities of the former would have to be 
carbonized or distilled, yielding tremendous amounts 
of coke beyond that which industry could absorb. 

High-pressure hydrogenation by the Bergius 
method, as carried out now by the I. G. Farben Com- 
pany, furnishes means to convert coal into fluid prod- 
ucts without producing coke. Technically and eco- 
nomically it is, of course, more feasible to apply the 
hydrogenation process to the conversion of the tars 
themselves, rather than the coal, since the tars are 
easier to handle and are already richer in hydrogen 
than the coal. Whether the tars are handled by hy- 
drogenation or not the fact still remains that they are 
only an industrial by-product and to obtain them 
means, nevertheless, the production and final utiliza- 
tion of very much greater quantities of coke. 

When coal or coke is converted to gases, namely, 
to water gas, there is the possibility of applying the 
hydrogenation process to the gaseous products. The 
process yields methanol or synthol, that is, oxy- 
genated material, according to the catalyst employed. 

Our institute tested out the process, obtaining 
synthol from carbon monoxide and hydrogen, as 
well as from carbon dioxide and hydrogen, using 
alkaline iron catalysts, and the results are tabulated 
in Table 1. 

A mixture of carbon dioxide and hydrogen was 
passed continuously by means of a circulation pump 
back over the same catalyst at 410°C and at 115 
pounds atmosphere pressure as long as conversion 
appeared to take place. Besides other pertinent ob- 
servations the runs showed that even at a pressure 
as low as 7 atmospheres: equilibrium was not ob- 

TABLE 1 


Results of Runs Making Syntho! Continuously from Carbon 
Dioxide and Hydrogen, with Falling Pressure. 
(From ‘‘Conversion of Coal Into Oil,’”’ 1924, 321) 











= Pressure Sat. Methane and Ethylene Oil 

TIME (ATM.) Hydrocarbons Homologues (CC) 
ESR SSE EE: 115 0.0 0.0 sone 
Eee 105 0.0 0.0 ies 
RET eee 89 0.0 0.0 ait 
8:25... 28 0.0 15.7 1 
GRRE ES er 14 11.7 25.3 4 
MR 7 15.2 35.4 2.5 




















tained. The oil obtained at the lower pressures was 
no longer completely soluble in concentrated sul- 
phuric acid; the insoluble portion had the odor of 
petroleum. 

It can therefore be seen that for the synthesis of 
petroleum hydrocarbons from carbon monoxide and 
hydrogen, high pressures are not advantageous, and 
that the reaction can be said to take place quite 
easily even at atmospheric pressure using good 
active catalysts. In other words, we could assume 
the formation of fluid hydrocarbons from coke or 
coal by way of the water gas reaction at ordinary 
pressure. 

The benzine synthesis as carried out by me in co- 
operation with Dr. H. Tropsch became a reality in 
1925 when we were able to treat carbon monoxide 
and hydrogen at atmospheric pressure. 

Our early catalysts were iron and cobalt. The 
former was activated with copper and small amounts 
of alkali, the cobalt activated with zinc oxide. At 
that time the use of nickel did not lead to good re- 
sults. We explained at that time, saying that nickel 
being a good hydrogenation catalyst, hydrogenated 
carbon monoxide directly to methane. Later it was 
found, however, that nickel like cobalt, does yield a 
good proportion of fluid hydrocarbons. 

As to the gases we used, a mixture of carbon 
dioxide and hydrogen in a 1:1 ratio, or with cobalt 
a mix of 1:2. It is taken for granted that the gases 
be well purified not only by removal of all hydrogen 
sulphide but also to remove all organically bound 
sulphur when working with highly active catalysts. 
It was only in the last nine years of our develop- 
ment work that we evolved a technically cheap and 
efficient method to purify the raw gases. On labora- 
tory scale we could at any time use the more ex- 
pensive purifying methods, provided they were ef- 
ficient. 


Chemistry of the Synthetic Process 


Our synthetic process to produce liquid hydro- 
carbons appears at first to be similar to the methane 
synthesis discovered in 1902 by the French chemist 
Sabatier. This synthesis follows according to the 
equation: 

CO + 3H: = CH; + H:0 + 59.8 Cal. 

Sabatier also used nickel or cobalt but as we have 
learned today, the temperatures employed by him 
were still too high to obtain fluid hydrocarbons in- 
stead of methane. Sabatier was forced somewhat to 
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TABLE 2 
The Influence of Working Conditions on Syntheses Products 











‘ Increasing: pressure .........5.% Synthol 


.Methane, followed by 
drop in temperature, 
increasing saturation. 


2. Increasing hydrogen contents.. 


3, Decreasing hydrogen content...Olefines 

4. Increasing temperature ......... Methane and carbon 
dioxide. 

5. Metallic catalysts in the series, 

Pe CB NS Se Pers aa Increasing saturation. 
For example, lower 
olefines. 

mrresente Of (Oss 6560 068 Se AS Without effect, acts 
as ballast. 
7. Increasing age or life of the 

EGE: | es acs dat nczetewes are That produces relatively 
more benzine, less 
heavy oil. 








work at the higher temperatures since the catalysts 
employed by him were not very active in the low- 
temperature region, such as we now employ and 
find necessary. Our investigation and tests were 
also greatly aided due to the specially constructed 
pipe-ovens which we used and which afforded very 
close temperature control regulating the reaction 
temperature over long periods. 

The temperature range in which the benzine syn- 
thesis takes place depends considerably upon the 
nature of the catalysts as well as on the composition 
of the raw gases. For instance, with iron catalysts 
the synthesis will proceed at 250°C while in the case 
of nickel the range is 180°-200°C. Using raw gases 
which contain considerable hydrogen it is especially 
necessary to work at low temperatures, while with 
hydrogen-deficient gas mixtures one must work in 
much higher ranges. Table 2 shows a summary of 
the items which detail the working conditions for 
the reaction and the type of products obtained. 

Using an iron catalyst it is more advantageous to 
work at higher temperatures than with the use of 
cobalt. The reaction follows in the presence of 
cobalt : 

CO + 2H: = (CH:) + H:O 
In the case of an iron catalyst the reaction is: 


While one is able to convert carbon dioxide ex- 
clusively into methane using hydrogen, as in the 
Sabatier methane synthesis, nevertheless the con- 
version of carbon dioxide into gasoline hydrocarbons 
does not take place smoothly or directly. It is more 
advantageous first to reduce the carbon dioxide to 
carbon monoxide and water with a copper catalyst, 
and after separation of the water, to react the carbon 
monoxide with further hydrogen in the presence of 
cobalt in order to obtain the gasoline hydrocarbons. 

In order to distinguish from other gasolines this 
synthetic gasoline, the total product, from carbon 
monoxide and hydrogen (or going back one step 
further, made from carbon and water) we have given 
it the name of “kogasin.” 

Kogasin is composed of paraffin hydrocarbons and 
a smaller percentage of olefines, both series con- 
taining straight-chain hydrocarbons and of wide 
boiling range. Oxygenated hydrocarbons are present 
only in traces when operating at atmospheric pres- 
sure. 

The catalysts most suited for the kogasin synthesis 
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are the metals, iron, cobalt and nickel, and they have 
the common property of forming carbides. Carbides 
other than those of the formula Me,C have not been 
proven with certainty in the case of these three 
metals; but there is no doubt that the function of 
these kogasin catalysts is the intermediate formation 
and decomposition of carbides. One can assume from 
this that either the normal carbide, Me,C, is formed 
and in the presence of hydrogen is converted again 
into metal while (CH,) radicals are being formed, 
or else that the normal carbide, Me,C, forms next 
and is carbonized to a higher carbide by the carbon 
monoxide, after which hydrogen again reconverts it 
to the ordinary carbide form with (CH,) radical 
formation. 

The following equation takes place in the case of 
iron at 250°C: 

H: + 2CO + Fe:C = FeC: + H: + CO: = 
Fe;C a (CH:2) + CO, 

The reaction in the case of cobalt and nickel below 

200°C is as follows: 
2H: a CO + Cot = CosCz ae H. a. HO = 
Co;C + (CH:) + H:O 

The use of pure contact metals in very finely 
divided form results in slightly better yields. The 
use of mixed catalysts is more advantageous not 
only from the yield standpoint but especially in ob- 
taining increased reaction times and longer catalyst 
life. Table 3 shows an example using several cata- 
lysts. , 

Additions to the true catalytic metals are, accord- 
ing to our experience, materials that have characteris- 
tic chemical action. Usually the reason for adding 
more materials to the catalysts is only to improve 
their physical nature. And again, the addition of 
copper activates the catalyst ‘which is used, since 
copper is known to lower the reduction temperature 
for oxides. 

With the catalyst mentioned above we found that 
the addition of copper is only of value in the case of 
iron and cobalt but acts adversely in the presence of 
nickel. Again the addition of a small amount of 
alkali in conjunction with iron very strongly aids in 
the formation of solid paraffin wax. The use of 
silica-gel, Kieselgur, powdered asbestos, etc. greatly 
aids in the distribution of the actual catalyst by an 
increase in the surface area of the contact material. 
Other additions such as thorium, manganese, etc., 
which are simultaneously precipitated or prepared 
with a catalytic metal appear, however, to play a part 
in obtaining certain configurations or lattice struc- 
tures of the metallic alloy itself. 

Preparation and composition of our cobalt cata- 
lysts show the thorium-Kieselgur-cobalt catalyst to 
be the best up to the present time, especially from 
the point of view of long life. This catalyst is pre- 
pared under definite conditions by precipitation of 























TABLE 3 
Time up to 
Yield per Cu M of 80% of Original 

CATALYST Gas catalyst Life 
Iron: 

FeCuMn Silica gel, 0.4% KeCO3......... 30-35 gm 8 days 

FeCu on Kieselgur (precip.).............. 28 gm 8 days 
Nickel: 

NiTh Kieselgur (precip.).... . 100 gm 30 days 

NiMnAI Kieselgur (precip.). . . 105 gm 45 days 
Coba't: 

CoTh Kieselgur (precip.)............... 110 gm 60 days 

CoTh Kieselgur (decomp’n.)............. 105 gm 25 days 

CuMn Kieselgur (precip.)............... 105 gm 30+ days 

CoNi (Si) (alloy skeleton)................ 85 gm 12 days 

CoThCu Kieselgur (precip.).............. 105 gm 60 days 
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the nitrates with sodium hydroxide. The catalyst 
prepared by decomposing the nitrates of the above 
metals with added Kieselgur is practically as good 
in obtaining high yields of products but at the same 
time it does show a shorter useful life. If one sub- 
Sti_utes manganese for the thorium in the above 
cases a good mixed catalyst is obtained which gives 
a yield of product and a life period which is about 
midway in the above two cases. 

There are other methods to prepare these cata- 
lysts. For example, the so-called alloy skeleton-type 
of catalysts are obtained in the following manner: 
Instead of using thorium or manganese one can melt 
cobalt alone or cobalt with nickel together in an 
electric furnace with silica, and treat the melt with 
sodium hydroxide in order to remove the silica, leav- 
ing a skeleton or network of activated metal. The 
disintegration of the metallic or alloy network is 
thus accomplished wherein the silica disappears from 
out of the cobalt silica melt. This type of catalyst is 
somewhat more active than those mentioned above. 
Prepared in this manner they are not similar to 
those materials made by mixing the various metals 
and obtaining a mere physical mixture. Doubtless 
this type of catalyst can be still further improved. 

Attention is called to the last item in Table 3, a 
catalyst containing 2 percent copper which is quite 
different from the others shown in that table. This 
catalyst can be reduced very easily at rather low 
temperatures, due to the copper which is present. 
This is important technically as it makes operating 
conditions simpler and less costly apparatus is 
needed. 

We have tested out, in the course of years, several 
hundred catalysts prepared in our laboratory, mak- 
ing tests as to their activity and determining the life 
of these materials. Long periods of time were spent 
in such testing work inasmuch as something like 
eight weeks is necessary to prove whether a catalyst 
is of value. It is, of course, possible to judge and 
estimate catalysts in a shorter time than this by 
determining the mesh composition, or the heat of 
wetting with benzol or even determining the per- 
centage of reduced metal. One can further shorten 
the testing time for these catalysts by determining 
the gas contraction at some low temperature or by 
exhaustion tests (pilot plant) of the catalysts with an 
excess of gas. Actual long-time pilot-plant operation, 






































however, is the only sure method of determining 
yields and life of the catalyst. 

As to the purity of the raw gases it can be said 
that despite thoroughly purifying the gases to as 
low as 0.2 grams per 100 cc total sulphur the cata- 
lyst material will finally show a gradual diminution 
of activity. The most obvious reason for this is 
naturally the poisoning of the catalyst, for example, 
by traces of sulphur. Other and less obvious reasons 
for the activity loss is probably a recrystallization of 
the metal or some other type of change in the particle 
size of the catalyst. Added to this is the gradual 
saturation of the contact which is caused by very 
high-melting-point paraffin. This can proceed for 
quite a while without the catalyst using all of its 
activity. We have, for instance, observed that our 
cobalt catalyst can absorb some 150 percent of its 
own weight of high-melting-point paraffin. 

Fortunately, the regeneration of catalysts is 
simple. According to circumstances, one can extract 
the hard paraffin from the contact mass, followed by 
dissolving the extracted catalyst (acid solution), fol- 
lowed by filtration and again precipitating ; or one can 
follow several other procedures. The above mentioned 
procedure of regeneration would yield something like 
150 percent of the catalyst by weight of high-melting- 
point paraffin, of 70°-80°C (some of this material 
contains waxes melting at 100°C). This method can 
be carried out without any loss of the material itself 
obtaining a catalyst as active as the original. 


Heat of Reaction and Its Removal 

The most important item in the technique for 
hydrocarbon synthesis is the absolute temperature 
control by special methods for removing the heat of 
reaction, which is considerable in this process. In 
our process the relationships are not similar to those 
as, for instance, in the oxidation of SO, to SO, or in 
the catalytic manufacture of NH, from N,+3H, since 
in the latter cases the products desired either form or 
do not form according to the theoretical reaction, In 
these cases there is no question of forming some 
other product or some type of by-product. However, 
in the case of kogasin formation at ordinary pressure 
there are formed products other than those desired. 
For example, when the temperature is increased 
methane is produced, or, at still higher temperatures, 
carbon by-products which can only be reconverted 
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again or returned to the raw material for reprocess- 
ing by way of some expensive or difficult procedure. 


As to the results obtained on laboratory scale in 
removing the heat of reaction and the results ob- 
tained in technical apparatus it can be said that, for 
instance, using cobalt the operating temperature 
should be 190°C. The heat of reaction amounts to 
approximately 20 percent of the heat of combustion 
of the gases for complete conversion when using a 
mixture of one CO+2H,. For every cubic meter of 
gas fed into the apparatus there are evolved approxi- 
mately 600 heat units which would be sufficient to 
raise the temperature of the gas several hundred 
degrees. 

During the past several years we have constructed 
a great many types of contact apparatus before we 
developed an all around useful form which was ef- 
ficient. An apparatus or contact chamber has been 
built of sheet iron, which encloses a set of hollow 
chambers containing the catalyst and through which 
oil is allowed to flow in closed coils. Up to the 
present we have not been able to improve this con- 
struction very much beyond its present form. 

In Figure 1 we present a schematic flow sheet of 
the kogasin process. 

A water-gas generator is shown at the upper left 
as the first step in the process; here water gas is 
produced in the usual manner from coke and steam. 
The water gas is passer through scrubbers and then 
into purification chambers in which the hydrogen 
sulphide is practically removed by means of iron 
oxide or other sulphur-removing agent. The gas now 
free of hydrogen sulphide is next conducted through 
a contact chamber, vertical in height, in which the 
organic sulphur content of the gas is brought to at 
least 0.2 grams per 100 cc of gas. This can be done 
by means of some type of organic sulphur-absorbing 
reagent. The warm gases next pass into the contact 
chamber itself in which the synthesis takes place at 
temperatures carefully controlled and which are 
usually verv close to 190°C, The high heat of re- 
action which, as already mentioned, amounts to well 
over 20 percent of the heat of combustion of the 
gases, is removed from the contact apparatus by 
means of cold oil circulating in through the hollow 
chambers of the apparatus. 

The heat absorbed by the circulating oil is con- 
verted to steam in an especially constructed chamber 
containing water. The volume of the gases leaving 
the contact chamber amounts to 25 percent of the 
incoming raw gas measured at room temperature. 
With complete conversion the contraction is there- 
fore 75 percent. The percent of contraction is there- 
fore a measure of the completeness of the reaction. 
The higher the contraction and the lower the neces- 
sary operating temperature, the more complete will 
be the reaction and formation of kogasin. The higher- 
boiling portions of the kogasin and water produced 
in the reaction settle out in the chambers at room 
temperature while the lowest-boiling portions must 
be removed from the residual gases by absorption 
oil or activated charcoal. 

The products obtained are water-white and need 
only a light alkali wash to free them from traces of 
organic acids. The product is now ready for careful 
Iractionation to produce the commercial uses. The 
products are naturally free of all sulphur since the 
material is synthesized from sulphur-free gases in 
order to avoid poisoning the catalyst. 

As to the yields obtained of fluid products per 
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cubic meter of gas, our results are as follows, using 
a gas of 29 percent CO and 58 percent of hydrogen. 
Formation of methane is easily held at a minimum. 
The average yield of fluid hydrocarbons per cubic 
meter of gas varies between 100 and 120 grams, The 
theoretical limits for this mixture of gases is, how- 
ever, 180 grams, so that a further increase in yield 
of fluid products should be possible. Our most recent 
results show that we can approach the theoretical 
value quite closely with further improvements in the 
process. 

The above statements held true for the once- 
through passage of the gas over the catalyst. The 
object of all practical applications of this process is 
to obtain the highest possible yield of benzine with 
a certain composition of gases in once through-put 
of the latter over the catalyst, without obtaining un- 
desired by-products. Theory has shown and pilot 
operations have proved that a mixture of raw gases 
can be converted to 100 percent of benzine, while all 
the undesirable by-products are later converted again 
to water gas by means of steam. A procedure ac- 
complishing this is probably not feasible on a techni- 
cal scale. 


Obtaining Syntheses Gases 


1. From Coke 

Even though it is hardly necessary at this time to 
manufacture kogasin from coke, the use of coke as 
furnished by the coke industry has been a subject of 
great interest. The consumption of gas and also 
benzol and the tar oils which are so-called by-prod- 
ucts of the coking industry is steadily increasing 
while the uses for coke do not increase from year to 
year. The production of coke from the coal carboniza- 
tion industry is quite appreciable and from year to 
year there is a large excess of coke on hand, The 
conversion of this excess quantity of coke into ko- 
gasin becomes desirable in order to increase the 
quantities of fluid fuels and to decrease the quantity 
of coke in storage. 

The price of benzine is quite dependent on the 
price of the raw coke that would be used. Prices also 
depend very much upon the yields obtained for 
every cubic meter of gas used. I have already worked 
out the conditions of the process in which the yields 
of fluid products can be appreciably increased, The 
price of kogasin as we produce it remains consider- 
ably unaffected by the first cost of the installation 
since our procedure is practiced with quite simple 
sheet-iron apparatus. 

The production of definite raw gases from coke is 
not entirely confined to the formation of water gas. 
In every case it is desirable to produce a mixture of 
gases in which the relation of carbon monoxide to 
hydrogen is 1:2; the gasification of coke at low 
temperatures and with a greater amount of steam 
has its significance also since such procedure fur- 
nishes a gas composed of two parts carbon monoxide, 
four parts hydrogen, and one part carbon dioxide. 
The production of this type of gas is important and 
of great value since the carbon dioxide does not con- 
vert to fluid products but remains in the system as 
an inert gas (assuming the process is conducted in 
the usual manner), while at the same time the carbon 
monoxide and hydrogen are present in exactly the 
correct relative volumes to form kogasin with highest 
possible yields. One could, of course, naturally also 
obtain a gas of similar composition by first producing 
water gas, followed by converting about one-third of 
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TABLE 4 
Production of Suitable Syntheses Gases from Other Gases 





From ' Coke-Oven Gas 


. Coke-oven gas as is: CO:H: in 1:10 ratio instead of 1:2. 
. Coke-oven gas with generator-gas mixed; nitrogen as 
ballast. 
3, Coke-oven gas catalytically converted with steam: 
CH, + H:O = CO + 3H: 
4. Coke-oven gas catalytically converted with carbon di- 
oxide: 
. Mixture of water gas and coking gas. 
6. Conversion of coke-oven gas and steam mixed with wa- 
ter gas. 
7. The addition of coke-oven gas to the steam in the wa- 
ter gas process. 
8. Coke-oven gas decomposed with steam and mixed with 
a gas obtained by the action of steam and air upon coke. 


nN — 


ur 


From Natural Gas 


9. Conversion of methane and steam. 
10. Conversion of methane and carbon dioxide. 
11. Methane converted with steam and carbon dioxide; for- 


mation of CO + 2H:. 


From Carbon Dioxide 


12. Reduction of carbon dioxide to carbon monoxide to 
copper catalyst, continuing with cobalt catalyst and elec- 
trolitic hydrogen to form benzine. 

13. Reduction of carbon dioxide to carbon monoxide by 
means of electrically heated coke (high temperatures), 
and further conversion with electrolitic hydrogen to 
benzine. 











it with steam. However, here again a special arrange- 
ment of conversion chambers is called for. 


The batch method for manufacturing water gas 
is to be preferred to the continuous gasification of 
coke or coal for many reasons. Its application, how- 
ever, is definitely influenced by local conditions. 
Where cheap oxygen is obtainable it becomes worth- 
while to consider the continuous gasification of coke 
with oxygen (air) and steam. Gases so produced are 
not, nevertheless, sufficiently rich in hydrogen to be 
used in connection with iron catalysts for which they 
are really adapted. In selecting the cobalt catalysts 
to prepare kogasin with the greatest possible yields 
the above type of gas must be partially converted 
further, and purified to remove carbon dioxide almost 
completely. It probably would be more advantageous 
to use straight water gas when using the cobalt 
catalysts than to use the so-called mixed gas of 
CO:H, in 1:2 ratio. This is especially true if it is 
desirable to produce kogasin high in olefine content. 
We will discuss this particular phase of the process 
further on. 

In the last several years the gasification of coke 
using air or oxygen under pressure has become some- 
what prominent. In our particular case this proce- 
dure would have the advantage that no special pres- 
sure pumps would be necessary to remove carbon 
dioxide with water under pressure. Where cheap 
electrical energy supplied from hydro-electric plants 
is available, the production of water gas with steam 
in electrical kiln ovens can be considered inasmuch 
as the electrical energy furnishes the necessary heat 
units demanded by the endothermic water-gas re- 
action. 

Finally another method for continuous gasification 
would be the production of generator gas. In most 
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cases, however, this procedure is not feasible since 
generator gas contains too large a quantity of inert 
constituents, primarily nitrogen, etc. Besides the 
above-mentioned superfluous supply of coke from 
anthracite coal which we have discussed to be useful 
for gasification one can also mention the use of so- 
called semi-coke from lignite coal. Economic reasons 
only would dictate the use of this type of coke for 
conversion to water gas. 


2. From Diverse Gases 

The production of a special mixture of gases to 
produce kogasin is, of course, not at all dependent 
upon carbonized or uncarbonized solid fuels as men- 
tioned above. For instance, various gases may be 
converted into a mixture of raw gases for the syn- 
thesis. Table 4 below shows a summary of such pos- 
sibilities and it contains several items which will be 
given special attention. 

Coke-oven gas itself is deficient in carbon monox- 
ide. When it is catalytically converted with steam, 
methane yields hydrogen with additional carbon 
monoxide; but the relation of hydrogen and carbon 
monoxide cannot be brought to a 2:1 ratio in this 
manner. For this purpose it is advantageous to use 
the conversion of coke-oven gas with carbon dioxide. 

If one cares to use mixed gases or be limited by 
the use of mixed gases then the combination oj 
coke-oven gas with water-gas presents a possibility. 
However, in this manner a very concentrated “mixed 
gas” is not obtained except when one first converts 
the coke-oven gas with steam, followed by mixing 
with straight hydrogen gas. We have used this type 
of gas many years and the bulk of our research was 
carried out with such a mixture. The addition of 
coke-oven gas to steam during the gasification period 
in the water-gas process became a regular procedure 
in our operations after we had first tested out the 
process on pilot plant scale. 

The natural gases can be utilized also in the ko- 
gasin synthesis. A very efficient gas mixture contain- 
ing carbon monoxide and hydrogen in a 1:2 ratio is 
obtained by the simultaneous conversion of methane 
and steam, or instead of steam, using carbon dioxide, 
or still better using both steam and carbon-dioxide 
gas. 

Moreover, there is also the great possibility of 
synthesizing gasoline from naturally occurring car- 
bon-dioxide gas as obtained from such gas wells 
though at present only on a limited scale. For in- 
stance, the carbon-dioxide gas, or carbonic acid gas as 
already mentioned, is reduced to carbon monoxide 
with copper catalysts and is then further converted to 
benzine with electrolytic hydrogen using cobalt cata- 
lysts. Natural wells furnishing carbonic acid gas and 
the use of cheap electrical energy from water power 
may yet become the ultimate means in furnishing 
mankind with liquid fuels. It goes without saying 
that the reduction of carbon dioxide can be carried 
out, of course, in many other ways. 


Most of the gases above-mentioned must first be 
freed of hydrogen sulphide, followed in most cases 
by some type of scrubbing process. The scrubbing 
process, or final purfication process, has for its ob- 
ject the removal and reduction of organically bound 
sulphur to as low as 0.2 g. per 100 cc. This purifica- 
tion in no way changes the composition of the water- 
gas-carbon-dioxide-gas mixture. We have used in 
this final purification system very finely divided sil- 
ver as a contact or sulphur-removal catalyst. How- 
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ever, at a later date we simplified this procedure con- 
siderably as mentioned above. 


The Properties and Uses of Kogasin 


We will not discuss the more important properties 
of our primary product. The products as they are 
separated in the plant—namely, oil plus heavy gaso- 
line and the water of reaction are obtained in about 
a 1:1 or 1:2 ratio. The nearer the ratio of oils to water 
to a value of 1:1, the more favorable will be the over- 
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Effect of tetraethyl lead on octane number 


all yields of fluid products. This statement does not 
hold true for all types of catalysts since the reaction 
does not proceed similarly for any randomly-chosen 
catalyst. The above holds true only in the case where 
cobalt is used. The oil which settles from the water 
layer contains, in addition to heavy gasoline, hard 
paraffin waxes with melting point of from 50°-60°C. 
I have already described how further quantities of 
benzine are scrubbed out of the fixed gases leaving 
the system, and also that by extraction of the catalyst 
with suitable solvents one can obtain an exceedingly 
high-melting paraffin wax, of melting point 70°-80°C. 

The products as obtained, and of about similar 
boiling point, are composed of aliphatic hydrocar- 
bons, that is, the paraffin hydrocarbons and also the 
mono-olefine hydrocarbons. The mono-olefines are 
found to be heavily concentrated in the low-boiling 
fractions as compared to their practical absence in 
the higher-boiling material. As a matter of fact, the 
percent variation can be somewhat varied by suitable 
means as we shall discuss below. 

Kogasin contains no lubricating oil even though 
the synthetic product is highly aliphatic in the 
higher-boiling ranges; but as we have finally dis- 
covered, valuable lubricants can be prepared from 
this aliphatic material. As to the purity of the pro- 
duct, it can be said that no completely aliphatic 
petroleum is known which is practically free from 
sulphur. The Pennsylvania oils approach most close- 
ly the character of our synthetic kogasin. 

Table 5 shows the yields and percent distribution 











TABLE 5 
Products from Mixed Gas Using Cobalt Catalyst 
Percent Olefines 
B.P. (C.) Weight (Vol. %) 
1, Gasoil “Rae Tae hy aie he Below 30 4 50 
DRM ier 2s cna eeeuat ce 30-200 62 30 
3. Oil. Pasi Sew Cece R Anes Dates Over 200 23 10 
4. Paraffin from oil.......................| _M. P. 50 7 = 
5. Hard wax from Catalyst................ 70 to over 80 4 




















ebruary, 1944—A Gulf Publishing Company Publication 


of the hydrocarbons and the various fractions when 
employing cobalt as a catalyst and a mixed gas con- 
taining 29 percent carbon monoxide and 58 percent 
hydrogen. The figures given are an average of many 
runs made over the period of several weeks. 


It can be seen that gasoline (benzine) is the main 
product, while gasoil and the solid paraffins are ob- 
tained in lesser amounts. Somewhat different yields 
are obtainable, for example, whenever the percent 
of solid paraffins is increased, for instance, by changes 
in the procedure. 


The lowest-boiling-point fraction or gasoil is, of 
course, directly of value as power fuel or is valuable 
for heating and illumination purposes. 


Our main product, or benzine, is our most valuable 
constituent, of course, as motor fuel. This fraction 
requires no treatment beyond a light soda wash for 
purposes of removing traces of organic acids. Due to 
the aliphatic character of this particular fraction it 
can be used directly as a motor fuel without further 
conversion but naturally only for motors of low com- 
pression ratio. Where high anti-knock fuel is de- 
sirable there are, of course, numerous processes 
adapted to convert this fraction to the needs of the 
modern engine. The desired anti-knock value can 
be obtained by mixing this fraction with benzol or 
with 10-20 percent of alcohol, or with both of these 
materials. It has been found that the addition of 0.05 
percent of tetraethyl lead raises the octane value to 
the desired figure. Our benzine is very sensitive to 
lead and octane values rise rapidly with lead addi- 
tions due to the absence of any type of polymers 
which usually remain in gasolines after conventional 
refining processes. This benzine is chemically stable 
in the presence of tetraethyl lead. It is the practice, 
both in this country and abroad, to add lead to both 
natural and cracked gasolines for producing high- 
grade aviation fuels of very-high-octane value. 


It is believed that tetraethyl lead can be manufac- 
tured at a lower cost as time goes on or that perhaps 
this chemical can be imported duty-free. The uses 
of this anti-knock compound abroad have shown that 
with the proper care in handling it there are no un- 
due risks involved for operators at the refineries or 
bulk stations where tetraethyl lead is added to the 
finished gasoline. 


Figure 2 shows a series of curves indicating an 
increase in the octane number of kogasin of various 
boiling ranges after addition of tetraethyl lead. 


From these curves it is seen that an octane num- 
ber of 80 is easily obtained. Practical engine tests and 
using these mixtures over a long period had already 
shown that this type of fuel is adapted to high- 
compression engines. In the case of the olefinic ko- 
gasin 50°-180°C the anti-knock value is only 47 with- 
out the addition of lead; when this fraction is hydro- 
genated, converting the olefines completely to paraf- 
fin hydrocarbons, the octane number is only 12. This 
is a striking example showing the value of high con- 
tent of olefines and their effect on octane number. 
In actual flights at very high altitudes we have been 
able to determine that kogasin I, which boils between 
50°-180°C, remains absolutely fluid at temperatures 
slightly below minus 60°C, showing only a slight 
tendency to solidify at minus 70°C. 


The item called “oil” in Table 5 (Cut No. 3), is an 
exceedingly valuable diesel motor fuel, after solid 
paraffins which are in solution in this fraction have 
been removed by conventional methods and which, 
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of course, lowers the pour-point of the oil. Due to 
the very high content of aliphatic hydrocarbons, this 
diesel oil shows excellent combustion characteristics 
in diesel engines, clean exhaust gases even under ex- 
tremely high loads, and no signs of. knock which has 
been quite common even in the diesel motor. Com- 
pared with ordinary gasoil from petroleum, kogasin 
II, (in power tests) has shown lower consumption 
figures, which is due to the presence of hydrocarbons 
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Boiling point analysis of kogasin II] and gasoil 


of the highest possible hydrogen content—the paraf- 
fins. Figure 3 shows comparative boiling point curves 
of kogasin II and gasoil. 

Concerning the uses and value of the hard paraffins 
obtained in processing fraction No. 3 it can be said 
that material of this melting point (50-60°C) is nat- 
urally valuable in the candle industry, and on ac- 
count of its high degree of purity finds many uses 
in compounding polishes, emulsions, insulation com- 
pounds, etc. The melting point and high purity of 
this material has adapted it especially in oxidation 
processes for producing fatty acids by liquid-phase 
oxidation. 

Finally, a word concerning the very high-melting- 
point hard paraffin wax which is obtained from the 
catalyst. This material contains paraffins melting up 
to 120°C, which are not found in waxes derived from 
petroleum oils. Some of these waxes which melt at 
100°C are exceedingly hard and become electrically 
charged when rubbed in a mortar, which points to 
their great value as insulation compounds. 
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The Conversion of Primary Products to Cracked 


Gasoline, Higher Alcohols, and 
Synthetic Motor Oils 


It is of importance to discuss now the utilization 
of the primary products of the kogasin process from 
the standpoint of using the raw fractions as raw ma- 
terials for further processing to special products, 
Starting again with our first fraction, or gasoil, it can 
be said that this material can be converted to alco- 
hols corresponding to the olefines which are present 
in amounts of 50 percent and above. These alcohols 
so obtained again become raw material for obtaining 
other derivatives. There are many methods of ac- 
complishing this. 

Where it is desirable to increase the yields of 
motor fuel, the fraction boiling above 200°C (kogasin 
II) lends itself very easily as raw feed stock in crack- 
ing operations producing high-octane gasoline. Ac- 
cording to the results of Egloff and Nelson, the 
Dubbs cracking process secures yields of about 70 
percent of 75-79-octane gasoline from Pennsylvania 
kerosines containing approximately 80 percent of 
paraffin hydrocarbons. Our kogasin II is practically 
similar in composition to kerosines of this type. 

The olefines present in the gasoil, as well as those 
present in the benzine fraction and even the higher 
fractions, can be converted very easily into higher 
alcohols and also esters of great purity since there 
are no other chemical constituents present except 
the paraffin hydrocarbons. The latter appear to act 
merely as diluents and are not,reactive with the sul- 
phuric acid used in the preparation of alcohols. By 
known procedures and processes worked out in our 
laboratory we have, for instance, obtained amyl and 
hexyl alcohol by treating the corresponding olefines 
with 85 percent sulphuric acid and then decomposing 
the alkyl sulphuric acid esters with water. 

Of still greater commercial and economic signifi- 
cance than preparing alcohols of the above type is 
the problem and procedure of converting kogasin 
fractions into high-grade lubricating oils. The solu- 
tion of this problem has great economic significance 
especially when and where there is a deficiency of 
natural petroleum. We will be able to show that with 
properly chosen chemical reactions we have syn- 
thesized lubricating oils from synthetic kogasin—in 
other words, lubricants made by the water-gas re- 
action. 
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Me coteni replacement of costly and hard-to- 
obtain electrode cables may become one of the major 
upkeep items on portable electric-welding units. Seri- 
ous deterioration may be caused, however, by rea- 
sons other than those usually attributed to weather 
and scuffing of the rubber insulation. One company 
welder, in attempting to determine why his cables 
were prematurely becoming hard and brittle even 
though they were handled carefully and kept wound 
on small spools, discovered the cause to be asso- 
ciated with the fact that the spools had steel cores. 

Lending weight to this evidence was the observa- 
tion that the inner layers of the cable, even though 
much less used and seldom exposed entirely to 
weather, were the first to show evidence of stiffening 
and embrittlement. Not only did the heavy rubber 
insulation crack, but the copper wire itself ultimately 
would become brittle and eventually would break 
within the insulation upon being used or flexed in 
removing it from the reel. 

Believing that the intense field set up by the direct 
current around the steel core in the center of the 
spool might be creating heat and other electromag- 
netic conditions causing rapid 
deterioration, a wooden core was 
turned out and mounted in the 
reel in place of the steel core. 
Almost immediately a change 
was noticed. The majority of the 
foregoing troubles vanished and 
the cable, since the cores were 
changed, now remains soft and 
pliable down to the last turn in 
the center of the reel. This pro- 
longing of the useful life of con- 
ductor cables has been the cause 
of substantial savings in electric 
welding equipment upkeep. 


mip 
Sf 


Latch buttons near top of each rim perm:t 

scotching the drum when required cable 

has been reeled. The removable retaining 

bolts permit either reel to be removed from 

Supporting frame, Cranks improve evenness 
of spooling. 
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Wooden Core in Storage Reel 
Protects Welding Cable 


Other features of these electrode cable reels in- 
clude methods of operation to conserve time in the 
field. A simple but efficient rack was built which 
carried both of the crank-wound cable reels. 

Two upright lengths of %-inch steel plate were 
bolted to brackets on the unit framework and the 
axles of the reels were held in a horizontal position 
in J-slots cut out of the brackets. Friction-type ter- 
minals were installed on the end of each reel, sim- 
plifying field hook-ups. To secure the reels in posi- 
tion after the cable was wound up, a steel pin was 
installed in the framework in such a position that it 
would engage any one of four holes drilled through 
the outer edge of each of the spool flanges. Once 
the spools are locked in position there is no danger 
of their unreeling to tangle up the cable near the unit. 
This is particularly helpful while welding some dis- 
tance from the unit, such as up on the derrick floor 
or in the cellar. When sufficient cable has been 
strung out, a slight strain on it while shifting it 
around pieces of well equipment will not pull the 
unwanted remainder off the reel, again fouling the 
cables and causing loss of welder’s time. 









BRUNO THIEL, The Cooper-Bessemer Corporation 


ae shortages in replacement parts, and 
wartime requirements demanding that compressors 
be kept at peak operating capacity even when sub- 
jected to long periods of uninterrupted service, make 
it important that maintenance engineers follow cer- 
tain fundamentals in the care and maintenance of 
compressor units. The following suggestions are 
summarized to assure the most efficient performance 
of large compressors regardless of their service. 

Minimum wear of moving parts can be assured by 
using the correct amount of the proper grade of 
lubricating oil. Too much oil, even of the best grade, 
will eventually gum piston rings and cause them to 
stick in the grooves, thus reducing the capacity of the 
compressor due to piston ring leakage. Excessive 
wear on the cylinder walls may also result because 
the wire-drawing of the gases between the piston 
and cylinder wall will scour off the lubricating film 
and permit a metal-to-metal contact. The excessive 
oil will also collect on the discharge valves and car- 
bonize on the hot seats, permitting the valves to leak. 
Insufficient lubrication will naturally cause wear on 
piston rings, piston and compressor cylinder. 

While thete are no set rules governing the lubrica- 
tion of compressor cylinders, each operator should set 
up his own standard to apply to individual require- 
ments, the basis of which depends upon the gas 
being compressed and the nature of the oil being 
used. For example, when gases containing gasoline 
vapor or a large percentage of hydrocarbons are be- 
ing compressed, a lubricant insoluble in the gas 
should be used. Such lubricant may be a soap solu- 
tion, castor oil, or a blend of castor and petroleum oil. 

It is good practice to remove a cylinder head occa- 
sionally to check the condition of the cylinder wall 
and make sure the cylinder is receiving the proper 
amount of lubrication. 

All compressor valves, whether plate or poppet 
type, should be thoroughly overhauled so that the 
valves will close tightly when installed in the cyl- 
inder body. A leaking valve soon heats the valve and 
its surrounding area to a temperature considerably 
higher than the operating temperature for which the 
unit was designed. Excessive heat thus generated will 
warp the plates of the plate valves, resulting in even 
greater leakage, or in case of a poppet-type. valve, 
will cut and destroy the valve seat and face. 

Rings should be free in the ring grooves but 
Should not have excessive play. Each ring should be 
fitted individually to the compressor cylinder bore 
so that expansion of the ring under normal heat will 
not butt the ends together and force the ring out 
against the cylinder wall to cause undue wear. 

Compressor cylinder jackets should be kept clean 
and free from scale. The water used to cool com- 
pressor cylinders should be of a composition that will 
prevent excessive scaling in the jackets at the normal 
operating temperature of the compressor. All foreign 
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matter such as mud, grit and similar substances 
should be removed from the water before it is circu- 
lated through the jackets. The amount of water, how- 
ever, should be so regulated that the cylinder jacket 
and liner are not cooled to an abnormally low tem- 
perature as this condition will decrease the clearance 
between the hot compressor piston and the cylinder 
wall, thus inducing a sticky piston. A temperature 
differential of about 20 degrees Fahrenheit should be 
maintained between the incoming and outcoming 
water. If the incoming water is too cold it should be 
corrected by bringing the temperature to at least 70 
degrees Fahrenheit. 

Under today’s conditions, when restrictions hold 
up delivery of replacement parts or make them un: 
obtainable in some instances, cylinders occasionally 
may have to be used for pressures exceeding those 
for which they were designed. In such cases, extreme 
care should be exercised to keep the working pressure 
at or below that stipulated by the manufacturer of 
the cylinder. If the cylinder is to be used for pres? 
sures other than those for which it was intended, it 
is good policy to consult the manufacturer for his 
opinion as based on the changed operation conditions. 
Such practice will avoid damage to either the com- 
pressor or the mechanism which drives it. 

Compression ratios should be kept as low as pos- 
sible to prevent overheating compressor cylinders. 
While overheating may not always damage the com- 
pressor cylinder, it might result in a temperature 
higher than the flash point of the lubricating oil, in 
which case fires or explosions may occur, particularly 
in compressors operating on air. 

Overheated conditions also lead to excessive car- 
bon deposits in piston ring grooves and on valves. A 
high ratio of compression in a compressor built for a 
low compression ratio, may also overload the piston 
rod and running gear. 

As with any piece of machinery, the compressor 
should not only be kept clean but the operator should 
take steps to be sure the gas being compressed is as 
clean as practicable. Gases containing dust or other 
abrasives will soon wear the compressor piston rods, 
rings and cylinder walls to such an extent that the 
compressor will require reboring and complete over- 
hauling long before the normal time set for such 
operations. 

If the gas to be compressed contains any of the 
corrosive gases such as hydrogen sulfide, the manu- 
facturer should be consulted for his opinion as to 
whether the compressor can be operated satisfac- 
torily for such service. Many times a few minor 
changes will render a standard compressor suitable 
for compressing highly corrosive types of gases. 

Careful attention to the foregoing simple but im- 
portant details will help greatly to assure peak oper- 
ating capacity of compressor installations with 2 
minimum of maintenance time and cost. 
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Maintaining Wartime Compressors 4 
At Peak Operating Capacity 
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PENBERTHY 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Made of Chromium-molybdenum 
alloy temperature-resisting steel, 
extra heavy throughout. Stain- 
less steel trimmed. Tubular 
glass type gages also avail- 
able in various other metals 
suitable for practically all con- 
ditions, 


DETROIT, MICHIGAN 





FOR EVERY GAGE REQUIREMENT 


Whatever your liquid level gage requirements, there is a 


Penberthy Gage that will meet your needs. These gages are 


PENBERTHY 


ansparent 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Used to observe color and den- 
sity of liquids under high pres- 
sures, and/or temperatures. 
Construction is exceptionally 
rugged .... similar to Rejlex 
types. 























PENBERTHY INJECTOR CO. 


* Canadian Plant: Windsor, Ontario 
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Write for a copy of Catalog 34-A. 


suitable for the various pressure and temperature conditions 
of the oil industry. All Penberthy Gages conform with 
A.P.I.-A.S.M.E. requirements. 







PENBERTHY Reflex 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid shows black — empty 
space shows white. Preferred 
wherever liquid level must be 
easily and positively visible 

. and when liquids are un- 
der high pressure or at high 
temperature. 


PENBERTHY Reflex 


WATER GAGE SET 


Water shows black — steam 
shows white. U-Bolt construc- 
tion is strongest and simplest 
to service. Glass replaced by 
simply removing nuts on face 
of gage ... unnecessary to 
work between gage and boiler. 
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An Informal Long-Range Forecast 


Of Motor-Gasoline Developments 


D. P. BARNARD and R. F. MARSCHNER, 
Research Department, Standard Oil Company (Indiana) 


Before the Annual Meeting of the Society of Automotive Engineers, New York City, January 10, 1944 


» magnitude of the war emergency 
aviation gasoline program and the pub- 
licity given to the high quality of this 
fuel have engendered wide interest in the 
possible availability after the war of 
motor gasolines of greatly 
octane number. This interest has been 
frequently expressed in such optimistic 


increased 


tones as to indicate that after the war 
100-octane motor gasoline may be widely 
available. Discussions recently: presented 
indicate that no such improvement is 
in the cards, at least in the early post- 
war period, and in this conclusion the 
present authors concur. It is the purpose 
of this discussion to indicate the prob- 
lems which must be solved before motor 
gasolines approaching 100-octane num- 
ber can be generally available. 

In a paper entitled “How Will the 
100-Octane Aviation Gasoline Program 
Affect Post-war Motor Gasoline?” pre- 
sented before the Metropolitan Section 
of the SAE on December 2, 1943, B. K. 
Brown, Assistant Deputy Petroleum Ad- 
ministrator, submitted, in part, the fol- 
lowing conclusions: 


*... the net result is that immediately 
after the war a substantial portion of 
our emergency aviation-gasoline-manu- 
facturing facilities will be discharged 
from war duty, and those which can be 
economically operated will be turned 
to the manufacture of motor gasoline for 
which they will run under conditions 
chosen for economy rather than maxi- 
mum octane number. 


... these and the other factors con- 
cerned in this discussion seem to _ indi- 
cate that immediately after the war we 
can expect that the average octane num- 
ber level of motor gasoline may in- 
crease as much as three units over im- 
mediate pre-war values and that the ma- 
jority. of the marketers will be able to 
offer house-brand products around 80- 
octane number and premium products 
of, say, 85-octane number. 


it seems fairly probable that 
values higher than these would result 
in extravagances in crude use which 
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will not be tolerable in the post-war 
period. 


“In conclusion, it is not intended that 
the foregoing be interpreted as _ indi- 
cating that 100-octane number motor 
gasoline will never be feasible as an 
automobile fuel. Rather, the picture ap- 
pears to be that immediately after the 
war the foregoing improvements are 
definitely practical with succeeding im- 
provements possible but requiring equip- 
ment design, development, and construc- 
tion. In other words, improvements 
much above the indicated levels will be 
‘evolutionary rather than revolutionary,’ 
and the evolution must be predicted 
with due regard to the fact that at 
these high-octane-number levels already 
prevailing each succeeding octane num- 
ber improvement becomes increasingly 
difficult to achieve.” 


Discussions by C. A. Chayne and Max 
Roensch given at the same Metropolitan 
Section meeting outlined some of the 
design obstacles which must be over- 
come before power plants taking full 
advantage of high-octane-number fuels 
can be produced. Here the necessity 
for step by. step development was 
strongly emphasized. A paper by W. S. 
James entitled “The Impact of Present 
Automotive Experience on Future De- 
velopments in Fuels and Lubricants,” 
and presented on December 14, 1943, at 
a meeting of the Chicago Section prac- 
tically finished the job of scotching the 
outlook for phenomenal mileage _in- 
creases—at least with cars of anything 
like present sizes and weights. James 
also emphasized the necessity for keep- 
ing motoring costs within bounds and 
very clearly showed that improvements 
of any sort must be economically justi- 
fiable. 

A paper entitled “The Effect of War- 
time Fuel Developments Upon Postwar 
Automobiles,” presented by A. T. Col- 
well at the War and Postwar Materials 
Meeting of the SAE, November 10, 1943, 
contained, in part, the following con- 
clusions: 


“Authoritative opinions of executives 








in the oil and automobile industries indi- 
cate that the immediate postwar octane 
numbers will be as follows: 


Product % of Total Octane-Motor Method 
Aviation 10 100 and 100 plus 
Premium 20 85-87 
Regular 60 75-77 

Third Grade 10 70 


The foregoing conclusions immediately 
raise the logical question: “If motor 
gasolines of greatly increased octane 
number are not to be available im- 
mediately after the war, just when may 
such increases be expected?” The na- 
ture of the answer to this question is 
indicated by the following quotation 
from Dr. Graham Edgar of Ethyl Cor- 
poration in the above mentioned paper 
presented by Colwell: 

“Today, we know that the least de- 
sirable hydrocarbons for any engine 
use are the normal paraffins because 
of their extreme tendency to knock. We 
know that the isoparaffins are much 
superior to the normal paraffins and, in 
many: cases are excellent fuels. We 
know that olefins, particularly iso-ole- 
fins, are excellent fuels for automotive 
use, especially under low-speed condi- 
tions. We know that naphthenes are 
moderately good automotive fuels, and 
that aromatics are excellent. We know 
that the distribution of the various types 
of hydrocarbon over the distillation 
range of motor gasoline affects pro- 
foundly the service performance of the 
gasoline. We know that for supet- 
charged aircraft engines, many isoparaf- 
fins are excellent fuels for lean-mixture 
operation, and aromatics are effective 
under take-off conditions. And, as this 
knowledge has been attained, it has 
gradually become technically possible to 
alter the proportions of any use of these 
classes of hydrocarbons in gasoline. For 
example, the simple cracking reaction 
produces gasoline having a higher olefin 
content than straight-run gasoline. But 
the actual cracking reaction is never 50 
simple. Under varying conditions of 
pressure and temperature, and partict- 
larly in the presence of catalysts, many 
other changes occur. The larger mole- 
cules of the heavy oils are broken into 
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fragments of many sizes, including gases 
and carbon itself, and the fragments may 
undergo rearrangement in such ways 
that the types of hydrocarbon present 
in the finished gasoline may vary widely 
from the types present in the original 
crude oil. Even then, there is much the 
refiner can do. The light gases may be 
built up into liquid hydrocarbons by 
such processes as polymerization and 
alkylation, the reactions being directed 
in such ways as to give maximum 
yields of specific hydrocarbon types. 
The crude gasoline (or naphtha) may 
again be subjected to temperature, pres- 
sure and catalysts (reforming), with the 
result that further rearrangement of the 
hydrocarbon molecules may take place. 
Treatment with catalysts may cause con- 
version of normal paraffins to the more 
desirable isoparaffins (isomerization). 
It is even possible to fractionate out 
some of the normal paraffins, and by 
appropriate catalytic treatment convert 
them into aromatics. Accordingly, the 
petroleum refiner of today is approach- 
ing more and more the position of a 
synthetic organic chemist, and the gaso- 
line of today is approaching more and 
more to the status of a blend of specific 
hydrocarbons, deliberately synthesized 
for various specific purposes.” 

It is the purpose of the present dis- 
cussion to delve into the questions im- 
plied by Edgar’s comments in sufficient 
detail to permit the interested reader to 
follow the writers’ conclusions as to the 
general course of motor gasoline quality 
development and, particularly, the extent 
to which such development may occur 
by, say, 1960. 

The General Problem 

While it may not be universally ap- 
preciated, the basic premise for the 
manufacture of motor gasoline has been, 
for at least 25 years, that the gasoline 
quality must be such as to make pos- 
sible the greatest number of car miles 
per barrel of crude compatible with 
acceptable and reasonable performance 
standards. This was the first problem 
assigned to the CFR at the time of its 
formation in 1921 and is still a major 
concern of that committee as a division 
of the Coordinating Research Council. 
Because of the very large part played 
by crude costs in the cost of gasoline, 
the petroleum industry has never been 
able to stray very far from this funda- 
mental premise, although relatively: mod- 
est deviations have been permitted in 
the past when crude has been cheap 
and available in unrestricted quantities. 
Even under such circumstances, how- 
ever, the basic economics of refining 
have prohibited extravagances in crude 
consumption in the interest of gasoline 
quality improvements. By and large, 
such quality improvements have been 
effected concurrently with improve- 
ments in yield from crude, or, at the 
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worst, at no significant loss in crudes. 
Motor gasoline may be considered as 
consisting of two groups of components; 
those which are highly desirable from 
the point of view of present ideas con- 
cerning knock tendency and _ volatility 
requirements and those relatively un- 
desirable components which we seek to 
change into more desirable ones. An 
obvious and simple method for accom- 
plishing this might consist in employing 
a “Maxwell Demon” or some appropriate 
gremlin to “sort” out the desirable com- 
ponents and relegate to by-product 
status the undersirable ones. But such 
a “sorting” procedure alone would not 
comply with the requirements for ef- 
ficient crude utilization. Further, the 
highest octane number hydrocarbons 
such as iso-octane simply do not occur 
naturally to any appreciable extent. 
Basically, therefore, solutions must be 
found to the problems of converting un- 
desirable hydrocarbons into desirable 
ones and for the conversion of other 
hydrocarbons, not initially within the 
gasoline range into desirable ones. 


The Octane Number Problem 


The problem of further motor-fuel 
improvement is basically a problem in 
chemistry. Therefore, it is necessary to 
consider the behavior, as chemicals, of 
the individual components of gasoline. 
There are 5930 possible hydrocarbons in 
the gasoline-boiling-point range. As 
there are so many of these chemical 
components, and as practical experience 
has shown their reactions to be ex- 
tremely complicated, research into the 
fundamental properties of gasoline hy- 
drocarbons has become a cooperative 
effort of the petroleum industry. 

Currently, the research on gasoline 
hydrocarbons consists of several sepa- 
rate, but closely coordinated projects. 
API Project 6 is engaged in the de- 
termination of the hydrocarbons present 
in gasolines and in the purification and 
determination of physical properties of 
gasoline hydrocarbons. API Project 44 
is critically appraising and correlating 
the data on the physical properties of 
gasoline hydrocarbons. The API Hy- 
drocarbon Research Project is now in 
the sixth year of its program for pre- 
paring individual gasoline-range hydro- 
carbons in quantities sufficient for en- 
gine testing as well as physical and 
thermal property determination. While 
this work is far from complete, it is 
ahead of early expectations and has pro- 
duced data which can be used in ap- 
praising the relations between hydro- 
carbon structure and knocking tenden- 
cies. The following discussion has been 
based largely on the results of these 
projects. 

It is generally recognized that the 
gasoline range hydrocarbons fall in four 
principal chemical categories: Paraffins, 





cycloparaffins (or naphthenes), olefins 
and aromatics. Because of the very sig. 
nificant differences in the chemistry of 
these different classes they will be 
treated separately in the following dis. 
cussion. 






A. Paraffin Hydrocarbons 


The paraffin hydrocarbons are, by 
definition, those in which the carbon 
atoms are “saturated” with the maxi- 
mum possible number of hydrogen 
atoms. They may be considered as 
either straight or branched chains of 
carbon atoms to which a hydrogen is 
attached to every carbon bond not oth- 
erwise used as a link to another carbon 
atom. Those paraffins in which the 
carbon-to-carbon linkage is a continuous 
chain are known as “normal” paraffins, 
while those involving branching of the 
carbon chain are denoted as “iso” paraf- 
fins. An important characteristic of all 
paraffins and one which results directly 
from the fact that they are completely 
saturated with the greatest possible 
number of hydrogen atoms, is that they 
have the highest calorific value of any 
of the hydrocarbons (about 19,000 Btu 
per pound, net). Light paraffins con- 
tain relatively more hydrogen than the 
less volatile ones. 


The total number of paraffins in the 
motor gasoline range is 650, This num- 
ber includes a few common sstraight- 
chain components such as_ n-heptane 
having by definition an octane number 
of zero, and many less common highly 
branched hydrocarbon such as 2,2/4- 
trimethylpentane which is familiar to all 
as the reference isooctane and _ which 
has, by definition, an octane number of 
100. In between these extremes are the 
moderately branched paraffins of inter- 
mediate octane number. It is a general 
rule that the higher the degree of 
branching the higher will be the octane 
number. For example, there are 18 oc- 


tanes; of these there are 4 trimethyl- TH 
pentanes (in which 3 side methyl groups 
are attached to a 5-carbon main chain) Tu 
which have unleaded ASTM _ octane def. 
numbers between 95 and 100. All but 
one of the other octanes have octane 
numbers more or less progressively tha 
decreasing with the degree of branch- 
ing. The most highly branched hydro- pre 


carbon in the series—variously known des 
as tetramethylbutane, hexamethlyethane, : 
or as the “solid octane”’—may be con- dir 
sidered as having the main chain of only 
4 carbon atoms with 4 side methyl 
groups. Its sobriquet of “solid octane” 
comes from the fact that its melting 
point is 216° F. Not always is the 
most highly. branched possible member 
of a group the most desirable, and this 
octane is strictly a scientific curiosity 4 
far as the present discussion is com 
cerned. 

The octane number problem can_be 
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THE MAGNAFLUX TEST, shown above in Tube 
Turns’ laboratory, quickly reveals any hidden 
defects in the finished product. 

Flawless welding fittings are even more essential 
than perfect pipe. For extreme velocities, high 
pressures, vibration, strain, corrosive wear are most 
destructive to piping systems where flow changes 


direction . . . at the fittings! Defective fittings can 


cause leakage, akdowns, unnecessary maintenance 
and can disrupt imperative production schedules. 
Tests to insure.flawless fittings have been, are 


today and will be a\ permanent Tube Turns’ policy. 

TUBE TURNS (Inc.) Louisville, Kentucky. Branch 
Offices: New York, Chicago, Philadelphia, Pittsburgh, Cleve- 
land, Dayton, Washington, D. C., Houston, San Francisco, 
Seattle . . . Distributors located in all principal cities. 





TUBE- TURN 


TRADE MARK 





Welding Fittings anal Pimiins 
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exemplified by the octane series. A mix- 
ture of approximately equal amounts of 
all 18 octanes, with the aid of, say, 1 
cc of lead, would have an ASTM 
octane number of 82. A similar mixture 
of the 11 most highly branched octanes 
would give 100 octane number with 1 
cc of lead, but the 7 which would have 
to be left out unfortunately include all 
four which occur in any appreciable 
amount in petroleum, and a mixture of 
these four with 1 cc of lead would have 
only 38 octane number. 

From correlations based upon knock 
data secured by: the API Hydrocarbon 
Research Project it is possible to esti- 
mate with considerable confidence the 
octane numbers of paraffins from their 
chemical structure. For example, it can 
be predicted that a mixture of all 159 
eleven-carbon paraffins, the undecanes, 
would have 74 ASTM octane number 
with 1 cc of lead. The 84 most highly 
branched of the undecanes, or the best 
53 percent of them, if mixed together 
in equal amounts, would give 100 oc- 
tane number with 1 cc of lead. The 
difficulty is that not one of these 84 more 
highly branched 11-carbon paraffins has 
yet been seen in pure form. A mixture 
of the handful of undecanes which have 
so far been found or made, would have 
an octane number of only 13 with 1 cc 
of lead. It is evident that quantity pro- 
duction of 100-octane-number gasoline 
among the undecanes (probably best 
suited to the requirements of a “high- 
flash” aviation fuel) is still two long 
steps from reality. Before commercially 
practical methods of production can be 
devised, means for synthesizing even 
small quantities in the laboratory must 
first be developed. 


If we distill a completely paraffinic 
motor gasoline containing equal amounts 
of total pentanes, hexanes, heptanes, 
octanes, etc., up to about 12 carbon 
atoms, into three approximately equal 
parts; light, intermediate and heavy, and 
add 1 cc of lead to each, we would find 
that if all possible paraffins are present 
(in equal amounts within each group) 
the ASTM octane numbers would be 
88, 81 and 75. But if only those paraffins 
which are already known are present, 
the octane numbers would be 88, 78 and 
30. And if the paraffins are present in 
the ratios in which they occur naturally, 
the values would be 68, 24 and below 0. 
These comparisons illustrate that espe- 
cially in the heavy third of motor gaso- 
line, twin problems must be solved to 
produce a 100-octane-number motor 
fuel; not only is it necessary to prepare 
the high-octane-number paraffins, but 
it is equally important to eliminate the 
low-octane-number ones. Suppose that 
after a great deal of research, a process 
of rearranging paraffins throughout the 
gasoline boiling range were developed. 
From experimental and thermodynamic 
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data, and with considerable extrapola- 
tion, the composition of the resulting 
mixture of all possible paraffins can be 
estimated for such an ideal process, op- 
erated at, say, 300° F. The light cut 
would have 87, the intermediate cut 
about 85, and the heavy cut not far from 
the same leaded octane number. Even 
such an ideal process as this fails to 
give 100-octane-number motor gasoline. 

From the foregoing, it appears that 
in order to achieve much higher goals 
as far as the paraffins are concerned, 
not only must methods be found for 
converting a considerable number of 
the more undesirable isomers into more 
highly branched and therefore more de- 
sirable forms, but also improved volatil- 
ity, i.e., lower 90 percent point, becomes 
a significant part of the problem, and 
means for converting, say, 1l-carbon 
paraffins into those of 6 to 8 carbons 
would contribute considerably to bring- 
ing closer the day of quantity produc- 
tion of 90-octane-number paraffinic mo- 
tor gasoline. 


B. Naphthene Hydrocarbons 


The hydrocarbons next to the paraf- 
fins in abundance are the naphthenes. 
For reasons which do not require elabo- 
ration here, it is unlikely that more than 
two of many possible kinds, the cyclo- 
pentanes and the cyclohexanes, need be 
considered as candidates for the type 


of gasoline being discussed. As» indi- 


cated by the prefix “cyclo-,” the naph- 
thenes are characterized by a ring con- 
figuration, and as a result, they contain 
two less hydrogens than paraffins of 
the same number of carbon atoms. They 
are lower in calorific value by about 
3 percent and their lead susceptibility as 
a class is poor relative to that of the 
paraffins. 

Since there obviously cannot be a 
cyclopentane with less than 5 carbons 
or a cyclohexane with less than 6, naph- 
thenes are of relatively more importance 
in the intermediate and heavy thirds of 
motor gasoline than in the light third. 
Of the 1350 naphthenes in the gasoline 
range, only 8, with an average ASTM 
octane number of 85 with 1 cc of lead, 
are of light gasoline volatility. Because 
of paucity of knock data, little can be 
said of the heavy gasoline naphthenes 
beyond the fact that they range from 
below 0 to above 90 octane number with 
1 cc of lead, but in the intermediate 
range correlations, again based largely 
upon data secured by the API Hydro- 
carbon Research Project, have outlined 
the potentialities involved. A mixture 
of not more than 13 percent of the pos- 
sible intermediate naphthenes is likely 
to have 100 ASTM octane number with 
1 cc of lead, and none of these is as 
yet known. Those which are known 
have, in a mixture of equal quantities, 
75 octane number with 1 cc of lead, 


and those which have been knock rated 
average 71 octane number with 1 ce ¢ 
lead. 
Thus there is a definite possibility for 
securing a limited amount of 100-octane. 
number gasoline from naphthenic hydro. 
carbons. The probability of doing so in 
the near future is considerably less than 
in the case of the paraffinic hydrocar. 
bons. The principal reason for this js 
that isomerization reactions among the 
naphthenes cannot have the potential 
octane number increase _ possibilitie 
characteristic of the paraffins. 


C. Olefin Hydrocarbons 


The olefin hydrocarbons, like 
naphthenes, contain less hydrogens than 
the paraffins, and as a result the calom 
fic value and the lead susceptibility arg 
appreciably less, the calorific values be 
ing about 2 percent below the paraffins, 
Although there are considerable data 
upon the octane numbers of individual 
olefins, the detailed effects of structure 
upon knocking are not yet at all clear, 
Part of the reason for this is that there 
are 3850 olefins which can be considered 
gasoline. Therefore, it is not possible to 
predict with certainty the octane num 
bers of all the members of an entire 
group of largely untested olefins such 
as the octenes. The average octane 
number of tested olefins in a gasoline 
made up, as in the discussion of parak 
fins, of equal amounts of pentenes, hex- 
enes, heptenes, octenes, etc., would be 
82 ASTM with 1 cc of lead in the light 
third of the gasoline, 81 with 1 cc of 
lead in the intermediate third, and the 
heavy third, for which few data are 
available, would be about the same 
Complex mixtures of olefins known to 
have highly branched structures have 
octane numbers similar to those of the) 
fractions of this hypothetical motof 
gasoline. Olefins certainly show smallet 
variations in octane number with struc) 
ture changes than do paraffins. For ex 
ample, the authors know of no dat 
showing an olefin with less than @& 
ASTM octane number with 1 cc of lead 
but, on the other hand, to their knowk 
edge no olefin tested has had an octafe 
number above 93 with 1 cc of lead) 
Moreover, lead has little effect on those) 
olefins with clear octane numbers above! 
80. It seems clear that it will never be 
possible to produce motor gasoline of 
100 ASTM octane number in quantity 
from olefins alone. 


D. Aromatic Hydrocarbons 


The uniformly high clear octane num 
bers of aromatic hydrocarbons afe 
partly offset by the low calorific value 
(about 8-9 percent below the paraffins) 
and poor lead response, both accompatl 
ing the low hydrogen content. Since tt 
simplest aromatic hydrocarbon has } 
carbon atoms and because they are [eg 
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volatile than other hydrocarbons of the 
same carbon content, the aromatics, like 
the naphthenes, are relatively more im- 
portant in the intermediate and heavy 
fractions than in the light fraction of a 
motor gasoline. A mixture of all 80 pos- 
sible motor-fuel aromatics would be not 
quite 100 ASTM octane number with 
1 cc of lead; this holds true in both the 
intermediate and heavy thirds of the 
motor fuel range. About a third of them 
should exceed 100-octane number, and 
not more than one or two are below 
90. The importance of aromatics in in- 
creasing the octane numbers of olefinic 
gasolines, for example, is obvious. 

Although the aromatic hydrocarbons 
are common chemicals, they are not 
abundant from the motor fuel stand- 
point. The average aromatic content of 
typical pre-war gasolines was not greater 
than 11 percent, a value similar to that 
recently obtained by API Project 6 for 
the average aromatic content of a va- 
riety of straight-run gasolines. Methods 
both .old and new, for producing aro- 
matic hydrocarbons from hydrocarbons 
of other classes, are well known, and 
postwar gasolines will probably con- 
tain a little more aromatics than pre- 
war fuels. But these methods have so 
far been most useful for the preparation 
of specialties such as toluene and high 
solvency naphthas. Perhaps the best of 
these methods involves the “dehydro- 
genation” of a part of the naphthenes 
present in a naphtha and, as was pointed 
out previously, the naphthenes as an 
entire group are themselves not the 
most abundant hydrocarbons. Project 6 
data and other analyses show that the 
aromatic content of typical naphthas can 
be doubled or tripled by such a dehydro- 
genation process. But the octane num- 
ber gain is obtained only at a substan- 
tial cost in material; the removal of 
hydrogen from a naphthene involves 
a minimum loss in weight which can 
easily be calculated; for the intermediate 
gasoline range this minimum loss is 
more than 5 percent, and in practice it 
is considerably greater. It is now pos- 
sible to produce aromatic hydrocarbons 
from paraffins; the octane number bene- 
fits are greater than for naphthenes, but 
so also is the cost in lost hydrogen. 


E. Recapitulation 


Paraffins, naphthenes, olefins and aro- 
matics are the hydrocarbons which have 
long been available in what might be 
termed motor-fuel volumes. Other 
classes also have been examined as pos- 
sible fuel components, some of these 
are familiar chemicals, some are rare, 
while others which might be expected 
to show high octane numbers, exist only 
on paper. But none of these need yet 
be considered as important motor-gaso- 
line hydrocarbons. 

The foregoing discussion has con- 
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sidered each class of hydrocarbon sep- 
arately whereas the motor gasoline of 
the future, like the motor gasoline of 
the past, will be mixtures of all the 
four classes mentioned. Whether the 
octane number of such a mixture of 
hydrocarbons of different classes can 
be exactly calculated from the octane 
numbers of the individual hydrocarbons 
may be subject to debate, but the in- 
cremental octane number increases 
which might be anticipated in each of 
the classes may be combined with as- 
surance that the weighted average is 
subject to little numerical error. From 
the estimated extent to which one to 
two decades of fuel research and de- 
velopment can utilize the maximum im- 
provements which can be made in the 
various classes of hydrocarbons, it is be- 
lieved that the motor fuel of 1960 may 
exceed 88 ASTM octane number but 
probably will not reach 92-ASTM-oc- 
tane number. 


The Volatility Problem 


It is generally recognized that a “de- 
sirable” motor gasoline, in addition to 
having a high octane number, is ap- 
preciably more volatile than that defined 
by the federal specifications. These 
specifications define the “heavy end” 
of the gasoline fraction by an “end 
point” of 437° F. Gasolines made to this 
limit are generally unacceptable and, 
to no small extent, give such inefficient 
performance in service as to offset a 
large portion of their crude-yield ad- 
vantages. By and large, gasolines have 
been made to end points of 400° F. or 
less for such a considerable length of 
time that the federal specification limit 
has largely lost its significance. 

The gasoline volatility problem re- 
duces in the main to the separate tasks 
of keeping vapor pressures down (and, 
therefore, front end boiling points 
up) and 90 percent and end points down 
and at the same time avoiding undue 
loss in yields from crude. In other 
words, performance requirements ask 
for relatively narrow boiling-point 
ranges while conservation of crude de- 
mands that gasoline fractions not be 
discarded unless the resulting gains in 
car mileage offset the losses in yield. 
By and large, therefore, improving vola- 
tility—like improving knock rating— 
must depend on the development of 
economically justifiable processes for 
converting the less desirable hydrocar- 
bons into those falling within the de- 
sired volatility range. 

The nature of this problem can be 
more forcefully emphasized by com- 
parison with the foregoing discussion 
of the octane-number problem. Drop- 
ping the 90 percent distillation tempera- 
ture kas the direct effect of reducing 
the number of hydrocarbons remaining 
in the boiling-point range of the gaso- 









line. Further, this effect is very pro- 
nounced. For example, of the 5930 hy. 
drocarbons possible within the 400°. 
end-point limit (corresponding to a 9 
percent point of, say, 356° F.) only 7 
percent remain if the end point be re. 
duced to 300° F. and only 3 percent if 
it be dropped to 250° F. It is obvious, 
therefore, that volatility improvements 
can be achieved only if methods can be 
devised for converting the large hydro- 
carbon molecules having the higher boil- 
ing points into smaller molecules of de- 
sired boiling points without loss of the 
material removed from the larger mole- 
cules and without incurring unjustifiable 
costs. 


Economic Requirements of Motor 

Gasoline Manufacturing Processes 

Very briefly, the fundamental eco- 
nomic requirements of processes for 
improving the quality of a motor fuel 
can be defined as follows: 

First, a process for converting, say, 
low-octane-number normal paraffins into 
high-octane-number branched paraffins, 
or high-boiling-point material into more 
volatile components, must be one which 
will use “poor” gasoline as a raw ma- 
terial and must convert it into a “good” 
gasoline without destroying more than 
an inconsequential fraction. In other 
words, it must possess the characteris- 
tics of a true isomerization process or 
its equivalent and must merely revise the 
construction of the hydrocarbons in 
question without the rejection of signi- 
ficant quantities of material. 

Second, processes must be evolved 
which will convert low-grade hydro- 
carbons (those not in the gasoline range) 
to gasoline hydrocarbons of the desired 
octane number and volatility. 

Third, processes must not cause the 
loss of a significant amount of hydro- 
gen. The advantages of petroleum and 
its products over coal, which is chiefly 
carbon, result from the fact that it in- 
volves “fixed” hydrogen with its rela- 
tively high calorific value. To lose hy- 
drogen in a process is to waste crude 
from an energy standpoint. It is just as 
serious from the point of view of con- 
servation as if the crude itself were to 
be destroyed. Just how valuable a re- 
source is being destroyed when hydro- 
gen is lost in a process is readily ap- 
preciated by anyone who has had to 
produce and deliver hydrogen. The 
“fixed” hydrogen in petroleum also im- 
parts to the otherwise untractable car- 
bon its desirable properties of fluidity, 
volatility, etc., and, in the case of gaso- 
line, even provides those properties 
which make it susceptible to octane- 
number improvement through the use 
of tetraethyl lead. However, the impor- 
tant point to remember is that hydro- 
gen has a calorific value of about 52,000 
Btu per pound as compared with 12,000 
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for carbon. Conservation and economics 
are directly against any process which 
involves its waste. And, lest the writers 
seem to overemphasize the matter of 
conservation, it should be remembered 
that during its lifetime the average car 
consumed over 10 times its weight in 
fuel. 

Fourth, any process, in addition to 
being efficient from a crude standpoint, 
must also be operable, its cost being 
supported by the value of the improve- 
ments effected. For example, the various 
isomerization processes meet the crude- 
conservation requirements completely. 
However, as they represent a pro- 
cedure for making “gasoline out of gaso- 
line” (albeit the product is of improved 
quality) it is very obvious that all of 
the costs of the operation must be 
borne by the value of the octane-number 
improvement, Isomerization cannot be 
afforded unless the cost of the opera- 
tion can be included in the price of 
the product. In general, procedures for 
“making better gasoline out of poor 
gasoline” will probably be applicable 
to a relatively small extent and to the 
most undesirable group of the gasoline- 
range hydrocarbons. 

Another factor should be given very 
careful consideration when discussing 
octane-number improvements, particu- 
larly in the present range of interest. 
This is the well known characteristic 
of the octane-number scale in which, as 
the numbers become larger, each unit 
becomes more and more significant. For 
example, for the interval 69- to 70-octane 
number, one unit improvement may be 
considered as permitting an increase of 
0.5 percent in thermal efficiency of the 
appropriate engine. In the range 79- to 
80-octane number the value of one unit 
in the proceeding terms becomes 1.25 
percent in thermal efficiency, while the 
change from 99- to 100-octane number is 
accompanied by a potential increase of 3 
percent in thermal efficiency. Obviously, 
these fuel improvements can be used in 
many ways such as, for example, in per- 
mitting super-charging, increases in 
compression ratio, etc. Discussion of 
this part of the subject is not within the 
province of this paper. However, the 
fact should be borne very clearly in 
mind that all studies of gasoline im- 
provement, particularly in any attempt 
to formulate opinions as to the probable 
rate of improvement, indicate that, (a) 
it is characteristic of the octane-num- 
ber scale that the importance of an in- 
dividual unit increases as we proceed 
up the scale, and (b) it is characteristic 
of the basic chemistry of fuel manu- 
facture that each octane number be- 
comes progressively more difficult to 
produce, Further, from here on it is rea- 
sonable to expect that improvements in 
octane number must bear an increasing 
amount of scrutiny from the standpoint 
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of cost versus usefulness. An example 
of the importance of this factor is the 
utilization of grade 91 by the airlines 
in the prewar period in spite of the fact 
that even in commercial aviation, octane 
number improvement can stand but a 
comparatively small premium—with the 
exception of exceptionally long-range 
operations. Because motor-car operation 
will be even more rigorously subject to 
the same economic laws as short-range 
air transport, we can only expect that 
octane-number improvements, while. be- 
ing hard to get, must be produced at 
very low costs. Therefore, an informal 
prognosis of the rate of gasoline im- 
provement, over such a period as that 
up to and including 1960, must lead 
to the conclusion that octane numbers 
will increase but at a progressively 
slower rate than in the past. The pres- 
ent writers will be greatly surprised 
to see 100-octane number ASTM motor 
gasoline generally available by as early 
as 1960. As a matter of fact, even 90- 
octane number appears very far in 
the future. 


Conclusion 


Certain conclusions as to the probable 
trends in motor-gascline improvement 
follow from the various recent studies 
of the subject. Brown and Barnard 
pointed out that conversion of the avail- 
able aviation-gasoline-manufacturing fa- 
cilities to motor-gasoline production 
might result in octane-number improve- 
ments of from 2 to 3 units in the early 
postwar period. The discussions of 
Chayne and Roensch emphasized the 
fact that the improvement of automo- 
bile-fuel mileage must be worked out 
step by step and that considerable time 
must elapse before acceptable high- 
compression engines can be evolved. 
Colwell’s masterly survey of technical 
opinion further emphasized the “evolu- 
tionary rather than revolutionary” na- 
ture of fuel and car improvements. 
James has shown that the limits (theo- 
retical and practical) beyond which fuel 
mileage simply cannot be pushed, are 
closer to present practice than to the 
fantastic values which have been so 
blithely bandied about here of late. The 
present discussion points out that the 
possibility of further improvements in 
octane number or volatility depend on: 
(a) the development of processes which 
will convert non-gasoline hydrocarbons 
into gasoline hydrocarbons of the most 
desirable type without significant ma- 
terial loss, and (b) the general use of 
power plants which will realize sufficient 
benefit from the improved fuels to 
justify the increased costs of those proc- 
esses which convert undesirable gaso- 
line hydrocarbons into more desirable 
ones, Any effort to “force” octane num- 
bers beyond these limits could easily 
result in crude wastage of as much as 





number gained. As the economics of 
gasoline production are identical with 
those of crude conservation, such opera. 
tions will probably not occur to any 
great extent. 

If 100-octane number (ASTM) motor 
gasoline is ever to be generally available 
means must be found for transforming 
about half of the gasoline-range hydro. 
carbons into others more desirable from 
the standpoint of octane number and 
volatility. The basic economics of gaso- 
line manufacture are identical with 
those of conservation and, therefore, 
such processes must operate without 
appreciable material loss as well as at 
acceptable costs. The authors’ guess js 
that motor gasoline octane numbers will 
not get much above 90 (ASTM) by 
1960. In any event, it seems fairly well 
assured that in spite of possible reduc- 
tions in crude supply and the many 
other problems facing the petroleum in. 
dustry, adequate quantities of gasoline 
of high quality will be available and that 
quality improvements will continue to 
keep ahead of the demands of car design 
and construction. 


L. L. Marcell Retires 
From Socony-Vacuum 


L. L. Marcell, formerly general man- 
ager of White Eagle Division of 
Socony-Vacuum Oil Company, has re- 
tired after 40 years in the oil business. 
A dinner was tendered him at the Wal- 
dorf Astoria in New York by officers 
and directors of the company. 

Born on a Kansas farm in 1878, Mar- 
cell entered the oil business in 1903 
with a small producing company then 
engaged in oil development. near 
Chanute, Kansas. His company became 
an entity in the industry in 1906 when 
he and his associates purchased a small 
refinery at Chanute. From these efforts 
grew White Eagle Petroleum Company 
which, in 1919, became White Eagle & 
Oil Refining Company, with refineries 
at Augusta, Kansas, Casper, Wyoming 
and Ft. Worth, Texas. In January 1930, 
White Eagle was purchased by Stan¢- 
ard Oil Company of New York, later 
merged into Socony-Vacuum Oil Con- 
pany. 

Marcell served from 1930 until 1935 
as chairman of White Eagle Corpora 
tion and from 1935 until his retirement 
as general manager of White Eagle 
Division, directing its operations in 10 
Mid-Western states. 


Shamrock Plant Also in 
Aviation Gasoline List 


An error in compilation resulted _i 
omission of Shamrock Oil & Gas 
Corporation, Amarillo, Texas, from the 
list of contributors to the provision of 
aviation gasoline in the January 
PETROLEUM REFINER. 

The McKee plant has been contribut 
ing iso-butane, iso-pentane and cumefe 
in large quantities for several years. 

This company should be added to al 
lists of sources of fuels for the military 
aviation program. 
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War Needs Spur Refineries On 


To All-Time High in 1943 


i THE attempt to meet all military 
requirements for petroleum products and 
take care of civilian essentials, United 
States refining operations reached an 
all-time peak, a grand total of 1,427,- 
142,000 barrels of crude oil being run 
to stills during the year, or a daily 
average of 3,912,168 barrels. These 
totals exceed the figure for 1942 by 
257,092 barrels daily average, and 93,- 
(39,000 barrels for the year. 

The outlook for the current year is 
even higher. Plants will certainly be 
called on to operate at capacity as the 
tempo of war increases and the demand 
for motor fuels shoots upward. 

In spite of the great increase in avia- 
tion fuel facilities, construction may not 
have solved the problem. One of the 
greatest worries of the refiners in 1944 
will be the question of making enough 
aviation gasoline to satisfy the hordes 
of planes that will be in operation. 

The adjustment of refinery yields 
from normal to satisfy war demands 
which began in 1942, and continued 
through 1943, must be kept up this 
year. Only by the most careful adjust- 
ment of yields can the industry pos- 
sibly hope to provide adequate quanti- 
ties of all petroleum refinery products 
to fulfill war requirements. 

That the adjustment of yields is cer- 
tain to present an acute problem is indi- 
cated by recent trends in percent yield 
of major products: Whereas gasoline 
yields in 1942 were steadily downward, 
fnally reaching the lowest level in 
years during April of 1943, when 35.3 
percent of the crude oil charged to 
stills was made into motor fuel, it be- 


Trend of Refinery Input and Major 
Product Output 

















1943 1942 1941 

Input: 

Crude Runs. . .| 1,427,142,000) 1,334,103,000) 1,409,192,000 
Output: 

Gasoline....... 622,000,000} 608,900,000] 701,294,000 

Distillate Fuel | 211,600,000} 196,714,000} 189,177,000 

Residual Fuel. | 416,500,000} 358,901,000] 342,367,000 

Data based upon Bureau of Mines reports, except for 

last two months of 1943 which are estimated with aid of API 
weekly reports. 


came necessary due to decline of gaso- 
line stocks despite civilian rationing, to 
enlarge the yield of gasoline, and by 
October of last year, 38.6 percent of 
the crude runs to stills was made into 
gasoline. 

Meanwhile every effort was being 
made to maintain the percent yield of 
residual fuel oil and distillate fuel oil 
at higher than normal levels, to meet 
record requirements. As the need for 
more gasoline grows, it naturally be- 
comes more difficult to continue high 
yields of these fuel oils. 

Due to the increased yield of gasoline 
in the latter months of 1943, almost the 
same quantity of gasoline was produced 
in 1943 as in 1942, both of which were 
below the record established in 1941. 
Meanwhile the yield of residual fuel oil 
and distillate continued to grow, thus 
again establishing new peak levels in 
output of these latter products. 

Efforts of the refining industry in the 
United States during 1943 were largely 
concentrated on making petroleum prod- 
ucts for military purposes. In connec- 
tion with the development of aviation 
gasoline and the establishment of syn- 


Refinery Operating Trends in 1943 and 1942 


(Figures from Bureau of Mines, except for November and December, 1943, which are estimated.) 

















CRUDE RUNS TO STILLS (Barrels) PERCENT YIELD OF MAJOR PRODUCTS 
Daily Average Monthly Total Gasoline Residual Fuel Distillate Fuel 
MONTH 1943 1942 1943 1942 1943 1942 1943 1942 1943 1942 
January . ..-| 3,600,000 | 3,839,000 111,606,000 119,032,000 36.5 44.6 29.2 24.7 15.5 14.2 
February . ..| 3,641,000 | 3,781,000 | 101,935,000 | 105,870,000 36.7 42.8 30.2 25.8 15.9 14.4 
March... 3,613,000 | 3,571,000 | 112,013,000 | 110,725,000 35.8 41.8 29.2 25.4 15.4 14.7 
> ..| 3,732,000 | 3,498,000 111,945,000 104,962,000 | *35.3 39.9 30.5 28.1 14.9 13. 
ae 3,710,000 | 3,448,000 115,005,000 106,883, 36.4 39.9 29.3 29.0 14.0 12.6 
June... 3,866,000 | 3,513,000 | 115,984,000 | 105,376,000 36.9 37.8 28.9 26.9 13.2 14.4 
July... 3,893,000 | 3,599,000 | 120,689,000 | 111,555,000 | 36.7 38.6 30.3 27.0 13.3 14.5 
August... . 4,094,000 | 3,682,000 | 126,908,000 | 114,135,000 37.3 39.0 29.5 26.7 143 14, 
September -| 4,203,000: | 3,782,000 126,088,000 113,474,000 38.1 37.9 29.0 26.8 14.7 15.9 
Qetober --+| 4,162,000 | 3,757,000 129,036,000 116,381,000 38.6 38.6 26.9 26.9 15.9 16.2 
vember. | 4,185,866 | 3,746,000 | 125,576,000 | 112,368,000, .... | 388 | .... | 279 | .... | 1b 
December. 4,230,870 | 3,656,000 | 131,157,000 | 113,342,000 37.2 28.1 16.0 
3,912,168 | 3,655,076 | 1,427,142,000 | 1,334,103,000 39.8 26.9 14.7 
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thetic rubber plants, the industry put 
through the largest construction pro- 
gram in its history, in addition to ex- 
tensive conversion projects. Much de- 
velopment that was started in 1942 was 
completed, resulting in a number of new 
plants being put into operation for the 
first time during 1943, Other units are 
still in process of being built and will 
not be running before next summer or 
fall. 

Important technical advances, most of 
them military secrets, were made in re- 
fining processes, especially in the manu- 
facture of high-octane fuels. There were 
corresponding achievements in the per- 
fection of special lubricants for use by 
the Army and Navy. 

When completed this year, facilities 
for making aviation-grade motor fuels 
will consist of more than 300 plants. 
However, the core of the aviation-fuel 
program is built around 94 plants which 
will make all ingredients and blend 
them into 100-octane gasoline. Of these 
latter units, 32 were operating at the 
close of 1943; 40 are scheduled to go 
on stream during the first quarter of 
1944, and 22 are being rushed to com- 
pletion. The other plants are making 
aviation gasolines of octane rating lower 
than 100 or are furnishing ingredients to 
plants which finish the various aviation 
fuels. 

This expansion, totaling more than 
$900,000,000, may not be adequate to 
fulfill 1944 military needs. 


Perkin Medalist Urges 
Interest in Government 


Participation of men of science in the 
affairs of government was urged by 
Gaston DuBois, vice president of Mon- 
santo Chemical Company, in his speech 
in acceptance of the Perkin Medal in 
New York, January 8. Presentation 
was through the American section of 
the Society of Chemical Industry in 
recognition of his accomplishments in 
applied chemistry. 

“We, as chemists, should assume 
those civic responsibilities for which we 
are best suited,” DuBois stated. “We 
should take a very definite interest in 
‘the use and control of science, and this 
will lead to an interest in law and gov- 
ernment, which does not mean an in- 
terest in lobbying, but active attention 
to the planning for daily living. 

“The responsibility of the chemist 
with respect to our patent system is 
greater today than ever before. In its 
broad aspects, our patent system has 
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contributed much to American industry 
and world-wide technological advance- 
ments. I approve of the American patent 
system, but at the same time I recog- 
nize that it can be improved.” 

DuBois said the changes in the patent 
system proposed in the report of the 
National Patent Planning Commission 
are as important to the chemist as to 
the business man or the lawyer, and 
asked “What are we, as chemists, do- 
ing about the proposed changes?” 

Questions about the manufacturing 
activities of the federal government 
were raised by the Perkin medalist: 
Should our government in peacetime 
manufacture nitrates, ammonia, styrene, 
butadiene, carbide, synthetic rubber, 
phosphorous, fertilizers? Can our gov- 
ernment successfully compete with in- 
dustry? “I do not know the answer,” 
DuBois said, “but I do know that the 
facts should be obtained without preju- 
dice or partisanship. Why should we 
(the chemical industry) wait for the 
lawmakers to give us the answer?” 

In urging that the chemist and other 
men of science step out of the labora- 
tory and assume more active participa- 
tion in the affairs of the nation and 
community, DuBois cited the rising im- 
portance of chemistry in all phases of 
daily living and traced the development 
of the chemical industry from a non- 
essential stage to one of greatest im- 
portance. 

“Thirty years ago there was a be- 
lief that the business of dealing with 
chemicals was something for the Brit- 
ish and Germans, but not for Ameri- 
cans, The public in the United States 
did not know much about chemistry or 
chemicals. 

“Even as late as 1916, Hossenfelder, 
the German consul general in New 
York, in a letter to von Bethman- 
Hollweg, German chancellor, predicted 
American defeat in World War I be- 
cause of our dependence on Germany’s 
chemical industry. But he was wrong— 
we did start making chemicals and 
World War I demonstrated to us not 
only their usefulness, but that our in- 
dustry was indispensable to this great 
nation. Today the acceleration in the 
rate of growth of our industry is such 
that no one can keep even superficially 
informed of our progress in all lines,” 
DuBois declared. 

DuBois became the thirty - eighth 
member of the group of distinguished 
chemists to receive the Perkin medal. 
Born in Switzerland in 1880, he came 
to America in 1904 at the invitation of 
John Francis Queeny, founder of Mon- 
santo Chemical Company and accepted 
a position with the company. He has 
continued that connection and has con- 
tributed to practically every technical 
development of the company and its 
subsidiaries. He is now devoting his 
full time to the company’s technical 
program in all its phases, developing 
new projects and processes for peace- 
time. 

DuBois has been active in the devel- 
opment of the Monsanto process for 
making styrene, now used principally 
in the manufacture of synthetic rubber 
but originally developed by the com- 
pany as a base for plastics. Also in 
connection with plastics, DuBois has 
taken considerable initiative in the de- 
velopment of resinous adhesives for 
plywood. Other notable accomplish- 


ments are his work in the electrochem- 
ical separation of bismuth, and the de- 
velopment of the vanadium pentoxide. 
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Increased Refining Capacity 
For Persian Gulf Area 


Construction of a refining plant in 
Saudi Arabia by Arabian-American Oil 
Company was announced in early Feb- 
ruary following completion of arrange- 
ments for building a pipe line by Petro- 
leum Reserves Corporation from the 
Saudi Arabia and Kuwait oil fields to 
the eastern shore of the Mediterranean. 

The oil company is a joint venture 
of Standard Oil Company of California 
and The Texas Company. The refining 
plant will be privately financed. The 
pipe line will be financed by the United 
States government, whose funds will be 
repaid within 25 years. 

The agreement provides that the oil 
companies shall set aside a reserve of 
1,000,000,000 barrels of oil or 20 per- 
cent of the reserve if less than 5,000,- 
000,000 barrels, for sale to the govern- 
ment at 25 percent under the market 
price in the Persian Gulf region or of 
similar crude in the United States, 
whichever is lower. The oil companies 
will return to the government through 
charges and services the entire cost of 
construction plus interest within 25 
years, together with such net profit to 
the government as may be agreed 
upon. 

“T hope,” explained Harold L. Ickes, 
president of Petroleum Reserves Corpo- 
ration, “the announcement and publica- 
tion of this agreement in principle will 
eliminate once and for all the apprehen- 
sions which have been caused by the 
organization and activities of Petroleum 
Reserves Corporation. We are making 
this announcement of our plans and 
purposes as soon as possible in view of 
the complicated negotiations affecting 





Bringing Fort Norman 
Oil Out in the Light 


For the benefit of men who 
may have lost their bottles of 
Norman Wells crude oil upon 
search by the Army, here are its 
characteristics: 

API gravity, 39.6; pour point, 
minus 40°F., viscosity at 100°F., 
40; slight trace of bs&w. 

It yields an 87-octane motor 
fuel with 3cc of lead without 
cracking at 250 end point, or a 76- 
octane motor fuel at 400 end 
point, as well as diesel fuel or 
bunker C oil as desired. 

The information is offered be- 
cause men with a yen to know 
something about the importance 
of the Canol project have been | 
losing their sample bottles upon 
leaving the area, and the implica- 
tion has been that the Canol au- 
thorities have felt that what is 
in a barrel or a gallon of Fort 
Norman oil had to be kept secret. 

The laboratories gave up the 
story several years back. In July, 
1940, Ralph E. Pankhurst of Fos- 
ter Wheeler Corporation told, in 
PETROLEUM REFINER the story of 
hauling, erecting and putting in 
operation the 840-barrel refining 
plant on the banks of Mackenzie 
River within the Arctic Circle. 

















many agencies of our own and other 
nations. 

“The policy of Petroleum Reserves 
Corporation is to aid the private oil 
business of this country by seeing to 
it that in so far as the foreign oil situa- 
tion is concerned, the interests of the 
United States and its military forces 
are protected and to do what can be 
done consistently with foreign policy 
of this government as administered by 
the Department of State, to aid the 
private oil industry of this country to 
secure against future contingencies an 
adequate supply of foreign oil.” 

The agreement must be sanctioned by 
government of Arabia and Kuwait be- 
fore it can be effective. 

Other operations revealed by Ickes 
included expansion programs at Bah- 
rein Petroleum Company’s refinery on 
Bahrein Island; the Abadan, Iran, re- 
finery of the British-owned Anglo-Ira- 
nian Oil Company, and the Haifa refin- 
ery of Consolidated Refineries,: Ltd. 

“Additional refining facilities in the 
Persian Gulf area have been under con- 
sideration by the petroleum administra- 
tion for a long time as part of the over- 
all United Nations military petroleum 
supply program,” Ickes explained. “Sey- 
eral proposals representing our best so- 
lutions of the supply and materials’ 
problems were presented by PAW to 
the joint chiefs of staff and the Army- 
Navy petroleum board. These projects 
have been selected and approved by the 
military authorities as those best fitting 
the many logical factors involved in re- 
lation to other parts of the world pro- 
gram. 

“PAW’s foreign divisions are charged 
with fitting into the United Nations 
war program the facilities and _ prop- 
erties of American oil companies abroad, 
as well as advising the military authori- 
ties of the over-all problems relating 
to petroleum resources and facilities of 
other United Nations. 

“For many months the full utilization 
of Middle Eastern oil resources, both 
British and American, was impossible 
because the Mediterranean was a vir- 
tually impassable no-man’s land, and 
there were not enough tankers to use the 
long sea route around Africa. United 
States reserves, thousands of miles 
closer to the battle lines, were forced 
to carry the load. 

“Long before movements in the Medi- 
terranean were made easier, however, 
we were completing plans to lift some 
of the unequal burden from the United 
States, and for many months now every 
refinery in the Middle East has been 
running full blast for maximum produc- 
tion of war products within the varying 
limits of available tanker capacity. In 
addition, PAW from the beginning of 
the war undertook the study of the ad- 
visability of expanding critical materials 
for refinery expansion to utilize the ex- 
cess crude oil productive capacity im 
this and other areas whenever transpor- 
tation would permit. 

“Decisions were not easy because of 
the urgency of United States domestic 
programs, particularly our own vita 
100-octane plant program. However, 10 
our judgment the Arabian-American an 
Bahrein projects are of the utmost im- 
portance, and the military authorities 
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NEW FREE BOOK tells how to keep 
fire-fighting e 





quipment in shape 








When fire strikes at your plant — will your 
extinguishing equipment be ready? A clogged 
nozzle, a cylinder not fully charged — these 
and dozens of other results of negligence can 
make your fire-fighters useless when you need 
them most. Regular, systematic inspection is the only way 
to make sure your equipment’s in fighting trim. 


To help you set up a maintenance system in your organi- 
zation, Walter Kidde & Company has prepared a booklet 
—‘“Inspection and Maintenance of Fire Extinguishers.” 
It tells how to check whether you have the proper types 
and quantities of extinguishers; how to mark them for 
quick identification; how often the various types should be 
inspected; what parts to examine on each unit. It suggests 
simple forms for keeping records. This booklet is on the 
press now. Write for your free copy today. 











WALTER KIDDE & COMPANY, INC., 243 MAIN STREET, BELLEVILLE, W. J. 


February, 1944—A Gulf Publishing Company Publication 


137 











have concurred. The same _ considera- 
tions have guided our recommendations 
on proposals affecting British-owned 
facilities in the Middle East. 

“With the help of other interested 
agencies PAW will support the new 
Saudi Arabia refinery before the War 
Production Board to seek the highest 
obtainable priority. 

“The effect of these projects on the 
supply of petroleum products in the 
United States cannot be predicted ac- 
curately now. Obviously, every gallon 
of petroleum supplied from outside the 
United States relieves us here to some 
extent, but present indications are that 
these new facilities will serve to meet 
additional future demands rather than 
replace current supplies from the United 
States.” 


Danciger Refinery at 
Longview Will Reopen 


After reconditioning and adding some 
new equipment the Longview plant of 
Danciger Oil and Refineries will resume 
operations, It will be equipped for mak- 
ing high-octane motor-fuel ingredients 
as well as base stock for butadiene 
manufacture. The plant has been closed 
for more than.a year and some of its 
equipment was transferred to active 
plants. Priorities have been granted for 
equipment necessary for rehabilitation. 

J. C. Hinds, who has been with South- 
port Petroleum Company, has been 
named superintendent. 

The plant will process 6000 barrels of 
East Texas oil daily. 


Naden Named Director of 
PAW District 1 Refining 


William Naden, general superintend- 
ent of the Baltimore refinery of Stand- 
ard Oil Company of Néw Jersey, has 
been appointed PAW District Director 
of Refining for the East Coast area. He 
succeeds George H. Mettam, who re- 
signed to return to his duties as general 
manager of New Jersey refineries of 
Standard Oil Company of New Jersey. 

Born in Methuem, Massachusetts, Na- 
den was educaed there and at the Lowell 
Textile School, from which he was grad- 
uated in 1922. He was then employed 
as an analytic chemist by the Lawrence 
Gas & Electric Company, until 1927, 
at which time he joined Colonial Bea- 
con Oil Company’s refinery organiza- 
tion in Everett, Massachusetts, becom- 
ing general superintendent in 1934. In 
February, 1943, he moved to Baltimore 
to assume the post of general superin- 
tendent of the Standard Oil Company 
refinery there. 


Esso Research Club 
Affiliated With Sigma Xi 


The Society of the Sigma Xi, national 
scientific honor society, is extending the 
fulfillment of its organic purpose of the 
“encouragement of original investiga- 
tion in science, pure and applied” by 
encouraging member group activity in 
non-academic research institutions 
which qualify because of their participa- 
tion in, and encouragement of, original 
research in science. 

The first industrial research group to 

ualify and be granted affiliation with 
ne Xi is the Esso Research Club, 
of Elizabeth, New Jersey, whose mem- 
bership is drawn from the chemists, 
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physicists, engineers, and other tech- 
nical, research and development person- 
nel of the companies associated with 
Standard Oil Company (New Jersey). 


Octane Rating of Motor 
Fuel Continues Decline 


Diversion of high quality crude oils 
to the production of aviation motor 
fuels is responsible in large measure for 
the drop in average octane rating of 
automotive gasoline according to a re- 
port from the United States Bureau of 
Mines, whose survey for the summer 
of 1943 has been completed. In part the 
report was: 

“Based on analyses of 775 samples 
representing the products of approxi- 
mately: 77 oil companies, the report dis- 
closed that the average octane num- 
ber of premium -priced gasoline had 
dropped from 79.6 to 79.1 since the last 
survey was made during the winter of 
1942-43. Similarly, average octane num- 
bers decreased from 72.5 to 72.0 for 
regular-price gasoline and from 63.1 to 
61.2 for third-grade gasoline during that 
period. No report was made during the 


summer of 1942, but comparable octane’ 


numbers for the summer of 1941 were 
premium-price grade 80.2, regular price 
74.7, and third-grade 63.9.” 


Return of Ammonia 
Cylinders Important 


Ammonia has become so basic a war 
chemical that government-financed am- 
monia plants have been built and put 
into operation at certain strategic 
points. As a source of nitrogen alone, 
necessary for the manufacture of 
smokeless powder, TNT, and other 
high explosives, the present consump- 
tion of ammonia far exceeds the total 
prewar output. 

As a chemical, ammonia is also con- 
tributing to production miracles in the 
manufacture of petroleum products, 
plastics, pharmaceuticals, in a variety 
of metal treatment techniques, and in 
several welding processes. Agriculture, 
too, depends on ammonia for producing 
fertilizers to grow the foodstuffs which 
refrigeration engineers, in turn, help 
preserve through further use of am- 
monia. 

It is fortunate, one prominent manu- 
facturer has pointed out, that enough 
of this chemical is being produced to 
serve all industries, but the supply of 
standard steel cylinders for transporting 
it poses another problem. Very few 
new cylinders have been produced dur- 
ing the war, and an increasing propor- 
tion of the existing supply is being used 
to serve the needs of essential war in- 
dustries. However, it is believed that 
enough cylinders are already in service 
to meet the demand if cylinders are 
kept in circulation. 

When cylinders lie idle, it is usually 
due to carelessness or hoarding. No one 
profits by holding empty cylinders and 
there is no necessity for hoarding, as 
there is plenty of ammonia to serve all 
users. Producers can refill cylinders 
only as fast as they are received, so it 
behooves every purchaser of ammonia 
to cooperate by ordering just what he 
needs and by returning empty cylinders 
without delay. A continuous supply of 
empties flowing into the plants of the 
producers will go a long way towards 
getting ammonia delivered at the time 
and place it is wanted. 





Committee Will Study 
Aromatic Hydrocarbons 


Standard methods of test as well as 
definitions and specifications for the 
aromatic hydrocarbons will be studied 
by a new committee, D-16, of the Amer- 
ican Society for Testing Materials. Its 
work will be restricted to materials 
which boil below 400° F. 

J. M. Weiss, consulting chemist, New 
York, has been named temporary chair- 
man. Dr. R. P. Anderson, American Pe- 
troleum Institute, is acting secretary. 
The vice chairman is C. Lumm, 
process engineering, Consolidated Edi- 
son Company, New York. 


The following sub-committees have: 


been named: 

Methods of test for crude aromatics— 
C. A. Lumm, chairman; D. F. Bould, 
Barrett Division, Allied Chemical and 
Dye Corporation, vice chairman. 

Methods of test for refined aromatic 
products—V. J. Altieri, Eastern Gas & 
Fuel Associates, Everett, Massachusetts, 
chairman; E. T. Scafe, Socony-Vacuum 
Oil Company, Paulsboro, New Jersey, 
vice chairman. 

Specifications of aromatic chemicals— 
. N. Wickert, Carbide and Carbon 
Chemicals Company, chairman; Wesley 
Minnis, National Analine Division, Al- 
lied Chemical and Dye Corporation, vice 
chairman. 

Specifications for aromatic solvents— 
R. F. E. Ruthruff, Sherwin-Williams 
Company, chairman; L. A. Weflaufer, 
E. I. du Pont de Nemours and Com- 
pany, vice chairman. 


Fluid Cracking Plant in 
Operation at Wood River 


Production of aviation gasoline will 
be quadrupled at the Wood River, IIli- 
nois, refinery of Shell Oil Company by 
construction of several additional refin- 
ing facilities. One of these, the Mid- 
West’s first fluid catalytic cracking 
plant, was completed recently, and out- 
put of 100-octane gasoline with the new 
unit will begin immediately. 

The second step in 1944 expansion at 
Wood River will be the completion ina 
few weeks of another fluid cracking 
plant, a twin to the one just put into 
operation. 


Second Catalytic Unit 
On Stream at Baytown 


The second fluid-catalytic-cracking 
unit of Humble Oil & Refining Com- 
pany went on stream at Baytown in 
January. This unit completes the cata- 
lytic-cracking construction of the cur- 
rent program of the company at Bay- 
town. 

In addition to aviation-gasoline base 
stock it will furnish lighter materials for 
high-octane blending and for synthetic- 
rubber ingredients. A large part of its 
butylene production will go directly to 
the new butadiene plant to bring its 
capacity of more than 30,000 tons an- 
nually up to its rating. j 

This unit and the one completed in 
1942 will provide the butylene feed to 
the butyl-rubber plant, which will be ir 
operation this year. The first unit proc- 
esses around 17,000 barrels daily while 
the second will have daily charge of 
18,000 barrels. The first unit circulates 
powered catalyst at the rate of 10 tons 
per minute, while the new one will cir- 
culate at the rate of 40 tons per minute. 

The two units differ in several other 
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THE VOTATOR presents a tremendous advancement, be- 
cause with Votator all processing is completely enclosed— 
which definitely eliminates any fire hazard. Stocks are 
simultaneously mixed and passed at high speed in sequence 
over a large heating surface, then over a large cooling sur- 
face. Compounding takes place in seconds, with a thorough 
and permanent fusion of elements. 

Votator units are practically automatic in their operation, 
compact, easily installed, extremely efficient, and quickly 
available. The Girdler Corporation, Votator Division, Louis- 
ville, Kentucky. * Trade Mark Registered U. S. Patent Office 

Ld 
* GREASE 
PROCESSING 
EQUIPMENT 





A GIRDLER PRODUCT 
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AN INSULATING CEMENT THAT 


slugs 


Once it’s on, it’s on to stay — and that means real 
savings in time, money, and materials. 





Baldwin-Hill No. 1 Insulating Cement contains 
a special rust-inhibitor that prevents corrosion 
between metal surfaces and the cement. Whether 
the cement dries out immediately on a hot sur- 
face, or air-dries over a long period of time, it will not affect 
the bond. Ordinary expansion and contraction of the insu- 
lated surface are not problems, either. B-H No. 1 Cement 
is elastic enough so that it will not crack and peel. 


Made of B-H black rockwool, it is effective up to 1800° F. It 
is the ideal maintenance insulation for valves, fittings, and 
large pieces of equipment where molded-type insulation is 
not practical. Makes an excellent finish, too, for covering 
blanket and block applications. Send for sample and infor- 
mation. 


Baldwin-Hill Co., 567 Klagg Ave., Trenton 2, N. J. Plants 
in Trenton, N. J., Kalamazoo, Mich., and Huntington, Ind. 


Baldwin-Hill 
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HEAT & COLD INSULATIONS 












respects. The changes represent devel- 
opments from both pilot-plant and full 
scale operation within the past two 
years. a 

The up-flow principle is employed in” 
the original unit; in the new one it is 
the bottom-draw-off method. Conven-— 
tional type furnaces for heating the 
charge stock on No. 1 unit have been 
eliminated on the new one. The neces- 
sary heat is supplied primarily from the 
regenerator in which carbon is burned 
off the spent catalyst on its way back 
into the reactor system for re-use. This 
change in design eliminates furnaces 
and several other large vessels, reduc- 
ing the amount of equipment made 
from critical steel and reducing also | 
the amount of maintenance work neces- 
sary. 

Because of these design improye- 
ments the uppermost vessel in the unit 
is supported at a lower level than in 
the older unit, and the overall height is 
reduced by approximately 25 feet. In 
spite of this, however, a considerable 
quantity of steel went into the new 
unit’s construction. Its massive frame- 
work, its complicated maze of pipe, and 
its sturdy steel vessels contain approxi- 
mately 8,300 tons of steel, exclusive of 
the amount of steel used in the neces- 
sary machinery. 

Though mammoth in size and com- 
plicated in structure, both the old and 
new units are in large part automatic 
in operation and require relatively small 
staffs. Their work is confined almost 
entirely to the control room _ whose 
walls are a series of large panels filled 
with electrical control instruments. 

The unit was designed and constructed 
by the M. W. Kellogg Company. 


J. B. Mull Elected 
Cosden Vice President 


J. Bount Mull, manager of refining 
for Cosden Petroleum Corporation at 
Big Spring, Texas, has been elected vice 
president in charge of refining. He has 
been with the company since 1940. 

Following a degree in chemical en- 
gineering at Purdue University in 192I, 
Mull had a year of graduate work at 
Colorado School of Mines, then Joined 
Catlin Shale Products Company at 
Elko, Nevada. Going with Producers & 
Refiners Corporation at Parco, Wyo- 
ming, in 1924, after a year and a half 
he moved to Shell Oil Company. (Rox- 
ana) at St. Louis and Chicago and was 
refinery technologist at Shell’s St. Louis 
headquarters before joining Cosden Pe- 
troleum Corporation. 
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Elect Officers Soon 


Directors of the Independent Natural 
Gas Association, recently organized, 
have been announced as follows: 

M. H. Adams, Wichita, Kan.; E. Bud- 
drus, Chicago; R. L. Carr, New York; 
J. H. Dunn, Amarillo; A. B. Harper, 
Fort Smith, Ark.; D. D. Harrington, 
Amarillo; L. E. Ingham, Owensboro, 
Ky.; P. R. Johnson, Independence, 
Kan.; E. C. Joullian, Oklahoma City; 
Paul Kayer, El Paso; Oscar Nelsom 
Charleston, W. Va; W. G. Skelly 
Tulsa; W. H. Wildes, Dallas, and C. & 
Zachary, Dallas. 4 

R. B. Harkins of the Panhandle Eas® 
ern Pipe Line Company said that @ 
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Natural Gas Men to 
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meeting would be held soon to ele¢t 
officers. 





Petroleum Refiner—V ol. 23, No& Of 











: - CAPTAIN 
1 PRODUCTS 


n at ‘ 






> has 


1 en- 
1921, 
k at 
ined 
y at 


Well call your attention to . . . A specialty of unexcelled merit: 
CALAPOR LONG FIBRE INSULATING AND CALSEAL FIBRATED EMULSION 
FINISHING CEMENT the covering capacity for weatherproofing. Fewer pounds give 
of which is 46 sq. ft. 1 in. thick per 100 Ibs. greater coverage. 


MISULATIONS % SPECIALTIES 


t 
LIGHT IN WEIGHT..EFFICIENT ADAPTABLE TO SERVICE 








(ALAPOR MANUFACTURING CO. 
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DIGEST OF UNITED STATES PATENTS 


Polymerization of Hydrocarbons 


Compiled by Heinz Heinemann 








U. _ P. 2,307,689. Hydrocarbon Conver- 
Laying to the Polmeriza- 

“nen Process Corporation. 

Fluid reagents are passed over cata- 
lytic contact material containing as an 
essential ingredient a metal pyrophos- 
phate, such as copper, silver, cobalt and 
zine pyrophosphates and in the form of 
granules which are less susceptible to 
softening and disintegration during the 
conversion treatment than granules con- 
sisting only of the metal pyrophos- 

hates. To prepare these catalysts, solu- 
ble complexes of ammonia and metal 
pyrophosphate are formed by dissolv- 
ing the pyrophosphates in concentrated 
ammonium hydroxide. Granular carriers 
such as charcoal of the desired mesh 
size are impregnated with the solution 
and dried. The complex is then decom- 
posed to the pyrophosphate by heating 
to 1000 to 1400° F. in a non-reducing 
atmosphere. 


U.S.P. 2,307,795. Oil Conversion Using 
Superior ‘Catalytic Masses. K. 
Kearby to Standard Oil Development 
Company. 

A catalyst usable for polymerization 
and various other processes is described 
which consists of a bentonitic clay: which 
in raw state has been pretreated with a 
diluted strong mineral acid in an amount 
sufficient to remove over 50 percent 
of its original impurities. The regenera- 
tion of said clay is carried out in the 
absence of a_ substantial amount of 
water. 


U.S.P. 2,309,718. Method of Preparing 
High- Boiling Hydrocarbons. M. 
Thacker to The Pure Oil Company. 
Hydrocarbon gas (consisting largely 

of methane, ethane, propane, butane and 
the corresponding olefins) is heated and 
mixed with sulfur vapors and the mix- 
ture is then contacted with a catalyst 
in a reaction chamber at 400 to 700° C. 
and 1 to 125 atmospheres pressure. Ox- 
ides or sulfides of vanadium, manganese, 
copper, iron, cobalt, nickel, chromium 
and molybdenum may serve as catalysts. 
The amount of sulfur should not ex- 
ceed that required to form the mer- 
captan. The organic sulfur compounds 
are heated to 300 to 700° C. and con- 
tacted with an agent like copper sulfide, 
cadmium sulfide, silica gel activated 
alumina or chromia which splits off hy- 
drogen sulfide and leaves higher boiling 
hydrocarbons. 


U.S.P. 2,310,161. Polymerization of Ole- 
fins and Catalyst Therefor. E. T. Lay- 
ing to The Polymerization Process 
Corporation. 

Olefinic hydrocarbons are converted 
to hydrocarbons of higher boiling points 
by contacting them at elevated tempera- 
tures such as 400° with a granular cata- 
lytic mass. The granules consist of a 
mixture of 60 to 75 percent by weight 
of at least one metal pyrophosphate 
capable of reduction to a polymerization 
catalyst and 25 to 40 percent by weight 
of carbonaceous material sufficiently 
finely divided to pass through a 200- 
mesh sieve. The granules are sufficiently 
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large to permit fluid reactants to pass 
at relatively high velocity without ex- 
cessive pressure drop. Copper, mercury, 
zinc, Magnesium, iron, aluminum and 
cobalt pyrophosphate are used. The so- 
lution of a metal salt is stirred with 
charcoal and a solution of sodium pyro- 
phosphate is added. The precipitated 
material is filtered, formed,. dried and 
treated. For polymerization ‘such condi- 
tions as 450 pounds per square inch, 400° 
Pass a space velocity of 533 are suit- 
able. 


U.S.P. 2,312,560. Process for Treating 
Hydrocarbons Containing Olefins. K. 
Korpi to Union Oil Company of Cali- 
fornia. 

A reduction of 50 to 60 percent in 
olefin content is claimed in treating pres- 
sure distillates containing up to 20 per- 
cent olefines with a catalyst at 750 to 
800° F. The catalyst consists of phos- 
phoric acid which is adsorbed to a car- 
rier and dried by gentle heating. The 
acid on the carrier is then partially or 
totally neutralized by about 1/6 to 2/3 
equivalents of a caustic alkali per mol 
of acid and the mass is again dried at 


300 to 400° F. 


U.S.P. 2,314,457. Producing Dimers of 
Olefins. B. E. Roetheli and M. E. 
Conn to Standard Oil Development 
Company. 

In the production of dimers by the 
polymerization of normally gaseous 
monomeric olefins the production of 
trimers is reduced by: adding a trimer 
of the olefins in an amount of about 1 
to 10 percent by volume of the feed 
stock to the charge. In the polymeriza- 
tion of iso and normal butylenes for in- 
stance to iso octylenes with 60 to 75 
percent sulphuric acid at 150 to 350° F 
the product is separated into uncon- 
verted butylenes, co-dimer and trimer. 
Part of the trimer is recycled and re- 
tards the further excessive trimer for- 
mation. 


U.S.P. 2,314,458. Polymerizing Olefine. 
E. E. Stahly and F. B. Johnson to 
Standard Oil Development Company. 
The general objective of the inven- 

tion is to provide a process which will 

result in an increase in yield of polymers 
boiling within the desired range and re- 
pression formation of higher boiling 
polymers. This objective is attained by 
recycling a certain amount of high- 
boiling polymers. Reaction conditions 
may be varied over quite a wide range 
depending on the types of reactanfs, 

catalysts, etc. Temperatures from 150 

to 600° F. are satisfactory for most re- 

actants and catalysts. Sufficient pressure 
to keep the feed in liquid phase is some- 
times desirable. 


U.S.P. 2,314,460. Treatment of Hydro- 
carbons. R. E. Schaad to Universal 
Oil Products Company. 

A continuous process for producing 
aviation motor fuel is described which 
comprises a number of polymerization 
and depolymerization steps in such a 
way that normally gaseous olefins are 








polymerized, followed by a depolymeri- 
zation of higher-boiling polymers and 
again by a polymerization of the depoly- 
merized hydrocarbons. A final hydro- 
genation step is necessary. An acid of 
phosphorus such as pyrophosphoric acid 
and a generally. siliceous adsorbent such 
as diatomaceous earth are mixed and 
calcined and serve as a catalyst. Tem- 
peratures of 400 to 500° F. and pres- 
sures of 100 to 600 pounds per square 
inch are used for the polymerization 
steps. 


U.S.P. 2,316,380. Polymerization of Ole- 
fins. Paul Woog to The Alien Prop- 
erty Custodian. 

Olefins are polymerized by treatment 
with a sulfuric-acid solution containing 
about 67 percent sulfuric acid and 2 
percent silver sulfate at 25 to 30° and 
atmospheric pressure. The olefins are 
introduced into the acid bath through a 
porous diaphram disposed in such depth 
that the reaction is terminated when the 
gas bubbles leave the surface of the 
liquid. A porous wall which cannot be 
attacked by the. solution (such as ce- 
ramic plates, agglomerated glass grains, 
etc.) and has a sufficiently fine porosity 
to produce a real emulsion of the olefins 
in the acid is employed. The polymeriza- 
tion product is removed at the same 
rate at which it is formed and should 
be hydrogenated. A thickness of the 
acid phase of about 15 to 50 cm. usually 
is sufficient. The hydration of the olefin 
and the consequent dehydration of the 
alcohol take place in one step. 


U.S.P. 2,316,536. Polymerization of 
Acetylene. O. Fuchs to The Alien 
Property Custodian. 

In the process of polymerizing acety- 
lene to non-benzenoid polymers thereof, 
the step is claimed which comprises 
passing acetylene through a catalyst 
chamber containing a liquid medium, a 
couprous salt, a salt of the group con- 
sisting of alkali metal salts and ammo- 
nium salts and an organic compound 
capable of forming dipolar ions in said 
liquid medium and selected from the 
class consisting of aminocaboxylic acids, 
betaines, peptides and polypeptides. 


U.S.P. 2,317,603. Utilization of Petro- 
leum Refinery Gas. E. B. Hjerpe and 
W. A. Gruse to Gulf Refining Com- 
pany. 

A Cy fraction consisting of saturated 
and unsaturated hydrocarbons and taken 
from refinery gases is subjected to poly- 
merization in the absence of a catalyst 
at a temperature of about 350° C. and 
at 1000 pounds per square inch pressure. 
Gasoline-like hydrocarbons of high anti- 
knock value are obtained. 


U.S.P. 2,318,710. Method for Polymetas 
ing Olefins to Lubricating Oils. H 
Scheider and L. A. Bannon to Stand- 
ard Oil Development Company. 

It has been found that in the polymer- 
ization of iso butylene to lubricating oils 
much better results can be obtained by 
conducting the polymerization in a sé 
ries of at least two stages, operating 
under different conditions, so that the 
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OW would you like working inside 
the wing of a plane where air 
seems to be rationed by the cubic inch? 
Ever fit an ornery part there while the 
sweat runs into your eyes and off the 
end of your nose? If you haven’t — 
try it sometime — you'll understand 
why 100&% efficiency is utterly impossible 
under such conditions. 





This problem has been solved by Pan 
American World Airways at its new 
million-dollar Miami hangar, one of the 
largest in the world. Here Coppus Venti- 
lators supply fresh air to employees 
‘working in confined compartments, fuse- 
lages and wings. These same Coppus 
Ventilators are used for field service, too. 





Pan American is one of many leading 
airlines using portable Coppus Blowers 
and Exhausters to step up production 
wherever bad air or heat threatens 
health and efficiency. And Coppus 
Blowers are used even to inflate barrage 
balloons for testing seams. 

At low cost, you, too, can bring to 


Coppus Ventilator fur- 
nishing fresh air to wing 
compartment 


workers a continued supply of invigor- 
ating cool air. The “Blue Ribbon’”’ (a 
blue band) is your assurance of quality 
performance at lowest cost. Send for 
specific information on Coppus Blowers 
and Exhausters for cable manholes, 
tanks, shipholds and general man-cool- 
ing. Use the coupon. 


MAIL COUPON To Coppus Engineering Corp., 612 Park Ave., Worcester 2, Mass. 


PLEASE SEND ME INFORMATION ON SUPPLYING FRESH AIR TO MEN WORKING: 


a 
aACOPPUS 


“BLUE RIBBON” PRODUCT 


DESIGNED FOR YOUR INDUSTRY 
++ ENGINEERED FOR YOU 


© in aeroplane fuselages, wings, etc. 
Olin tanks, tank cars, drums, etc. 


Olin underground cable manholes. 


Other Applications: 
© genera! man-cooling. 


OClcooling motors, generators, 
switchboards. 
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3 Types 
Meet Every 
Need 
WeldOlets for butt 


welded branch con- 
nections. 

ThredOlets for 
screwed branch 
connections. 
Socket-End 
WeldOlets for socket-type 
branch connections. 










Make Good 
Piping Better 














WELDOLETS: 
THREDOLETS 












Threading weakens pipe walls as much 
as 40% — causes piping failures. 
WeldOlets, ThredOlets, eliminate 
threading of main pipe — make 
junction of full pipe strength. 


WeldOlets, ThredOlets practically 
eliminate fitting replacement. Properly 
installed they provide trouble-free, 
leakproof junctions. 























Improved Right-Angle Outlet 
WeldOlets, ThredOlets provide 


leakproof, right-angle branch pipe 
structure of WeldOlets, ThredOlets, cutlets of full nine deenity lnpeave 
they resist corrosion better than flow conditions; eliminate worn 
threads; bolt tightening; reduce need 
for fitting replacement; corrosion. 


Corrosion 
Because drop forging improves metal 


ordinary types of fittings. 











WeldOlets, ThredOlets and Socket-End WeldOlets are suitable for all com- 
monly used pressures and temperatures in every type of piping system. They 
are installed either before or after erection of the main line and always with ease 
and economy. They are equally well adapted to prefabricated or “on-the-job” 
assemblies. Their tented, funnel-shaped intake aperture improves flow con- 
ditions, reduces lence and friction. 

Carried in stock for all standard pipe sizes up to 12” in size-to-size and 
reducing sizes—up to 24” on special order. Ctock fittings are drop forged 
steel, but to meet unusual conditions can be supplied in Monel, Everdur, Toncan 
Iron, wrought iron, etc. 

Bulletin W131 gives detailed information about all the advantages of WeldO- 
lets, ThredOlets and Socket-End WeldOlets. Write for a copy today. 


Forged Fittings Division i ARMS > 
Bonney Forge & Tool Works, Allentown, Pa. Su -— 


-WELDOLETS: 2 





LETS 


“THREDO) 
Welded Outlets fo. Every Piping System 
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molecular weight of the polymers js 
gradually increased in stages. A non- 
volatile mineral-acid catalyst such as 
sulphuric or phophoric acid is used at 
least in the first stage in a concentra- 
tion of 50 to 100 percent at 100 to 300° 


F. Lower temperatures are used with, 


stronger acids. Friedel-Crafts catalysts 
may be used for the second step but too 
extensive reactions have to be avoided, 
A temperature range from 100 to 250° 
F. is used with AICls as a catalyst, 
When employing boron trifluoride the 
temperature range is 50 to 125° F. 


U.S.P. 2,320,256. Polymerization of Ole. 
fins. G. C. Bailey and J. A. Reid to 
Phillips Petroleum Company. 


Olefins are polymerized to lubricating 
oils by means of a metal halide catalyst. 
At a reaction temperature of from 9 
to 120° F., depending on the olefin 
charged, and using AICI; as a catalyst 
a conversion of up to 90 percent was 
observed. The reaction time was much 
shortened by the use of a _ hydrogen 
halide promoter. The viscosity of the 
lubricating oils dropped unless tertiary 
base olefins were first removed. It is 
suggested to treat tertiary base olefins 
with AICl; without using a promoter 
and non-tertiary: base olefins with a cata- 
lyst and a promoter to obtain an oil of 
30 to 200 seconds Saybolt viscosity at 
210° F. 


U.S.P. 2,325,813. Conversion of Hydro- 
carbon Gases. J. W. Throckmorton to 
The Pure Oil Company. 


Hydrocarbon gases are contacted 
with an absorption oil under conditions 
at which part of the gas is absorbed. A 
portion of the absorbed gas is stripped 
from the rich oil in a first step and ad- 
ditional absorbed gas is stripped in at 
least one additional step. The stripped 
gases are charged to a conversion zone 
where conditions of about 500 to 700 
pounds per square inch, 1050 to 1200° F. 
and 10 to 100 seconds prevail. The re- 
action products are cooled by indirect 
heat exchange with the absorption oil. 


U.S.P. 2,325,891. Manufacture of Anti- 
Knock Gasoline. V. K. Viland to Tide 
Water Associated Oil Company. 

A mixture of olefins, obtained by 
fractionation and thermal cracking and 
consisting most of C; and C, hydrocar- 
bons is polymerized thermally: at 1050 to 
1130° F. to a product of gasoline boiling 
range. 


U.S.P. 2,325,916. Manufacture of Liquid 
Hydrocarbons from Gaseous and 
Solid Carbonaceous Materials. C. L. 
Ocon and E. A. Ocon. 

A process for producing liquid hydro- 
carbons from solid carbonaceous fuel 
under the influence of gaseous hydro- 
carbons undergoing polymerization 1s 
described, which comprises calcinating 
said solid carbonaceous material ag- 
glomerated with a solid inorganic adsor- 
bent gel in finely divided form to above 
800° F. to convert the carbonaceous ma- 
terial into solid pyrobitumens, separately 
heating a stream of normally gaseous 
hydrocarbons under a superatmos- 
pheric pressure to a temperature in the 
range of about 1000 to 1350° F. for 4 
time sufficient to activate the hydrocaf- 
bons by dehydrogenation, mixing Sat 
solid pyrobitumens resulting from the 
calcination with the thus activated gas¢ 
ous hydrocarbons to effect polymeriz@ 
tion of the hydrocarbons and destructive 
distillation of the solid pyrobitumens 


Petroleum Refiner—V ol. 23, No. 2 











a 





| BTU. PER SQ.FT PER HOUR PER DEGREE (F) TEMPERATURE DIFFERENCE 


tive 





Feby 
































































































































rs is 
non- 
h as 
dat 
ntra- 
300° 
with 
lysts 
t too 
ided, 
250° 
ilyst. 
» the 
Ole. 
d to 
_ COMPARATIVE OVERALL HEAT TRANSFER 
lean LONGITUDINAL FLOW BOTH INSIDE AND OUTSIDE THE PIPE 
“Obl “TT TTI 
lefin s rt 2 
alyst EE) Re ES Rs Oe SR Eee Eve Sb 
was 5 Ee 
nuch w ee cae a 
ogen 2 se +t 
the ¢ [ 
tiary 
It is ed ' = 
efins eS 4° .<i A. wae 
1oter 4 MP 
cata- ed | Ca 
. c ke 
il of r-) 
ya PTE 
x 
: | 
‘dro- ms Be hes cov ee 
yn to 4 MATERIAL "¢" aemeent i 
5 . a POUNDS oF |MOT WATER PER Hd Gur 
cted a 1900 2000-000 «000 sone ©6000 | foen 80080 «(anon 
Hons a Comparative heat transfer through “Karbate” 20 Series graphite pipe and 
d. A 5 three other commonly used materials. 
pped 
| ad- 
n at 
oped 
zone 
700 
ef T 
se HE HEAT conductivity of “Karbate” 20 Series graphite is higher 
il than practically any other material—metal or non-metal—suitably HEAT CONDUCTIVITY OF VARIOUS 
} Ol. : 3 : z MATERIALS 
resistant to strong acids, alkalies and other corrosive, solvent or reduc- 
A nti- ing agents. Material B.t.u./Sq. Ft./°F,/Hr./Ft. 
Ti | e te . ” ee ” ° ° 
ws _ National and Karbate — — a ett sores and Atominai 20 7st + on Temp} 
‘ corrosive liquids ana gases in Neat exchangers §§ [| i$ DFASSUNEG)..... 0... cece eee c ene emp. 
by ttings are handling corrosive liqui is and gases in heat exchangers hens ee Pree P 
and ranging from the simplest types to highly complicated designs. a ssa ou in oes aol 75 
\Car- i e“ = Casa AS Soc. . addeew he 65 Room Temp 
<0 to Illustrated above is one of the many types of “Karbate” con- is... Sin e cavabilge 32 Room Temp 
‘line structed heat exchangers giving outstanding service in processing ed theta a ee 
i i i BO re a 20 32-212° F. 
plants across the country. The service records of installations of all pio oral eo aa ama ties fae F 
4 types demonstrate that “National” and “Karbate” materials meet the 5 Se ee + Wicial 7.3-17.0] } 32-212° F 
qui : e2 ™ romium er cen' ckel, 
a severest operating conditions. "13 Pet cent Chromium), cans ee 8.5 | t (Room Temp.) 
me For, in addition to high heat transfer qualities, “National” and b ~ of ener: © eee 100° F. 
“Karbate” pipe and tubes provide... complete freedom from corrosion Rese tee Sees... i ie 
= scale formation, which prolongs their efficiency . . . excellent machin- Fire Clay Brick.................... .6-.74 | * 932° F. 
den ability, which makes them practical for almost any {International Critical Tables. 
n is application ...and high resistance to corrosion, which Se eet rid eccrine P. oe, pp. 633-659. 
ting keeps maintenance costs at a minimum. 
Re National Carbon Company, Inc., will gladly con- 
bove sult with you and assist in designing equipment to The words “National” and “‘Karbate” are registered trade-marks 
oe meet your requirements. Send at once for the informa- of National Carbon Company, Inc. 
ately tive bulletin (Catalog Section M-8000) shown at right. 
eous ( 8 ) sh — 4K BUY UNITED STATES WAR BONDS * 
mos- 
. the 
or a 
»Car- 
mai NATIONAL CARBON COMPANY, INC. 
a Unit of Union Carbide and Carbon Corporation 
riza- ae 
ctive CARBON PRODUCTS DIVISION, Cleveland 1, Ohio UCC New York, Pittsburgh; Chicago, San Francisco 
ig Mm 
0. 2 & February, 1944—A Gulf Puilishing Company Publication 145 












2 te ES ee he en we hee oe 


ATONE ONLINE EA OO EO rata 


ew 











 Filtrol 
Catalysts 


are “Tailor-Made” 
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The Inside Story... 


There is a separate, especially engineered Fil- 
trol Catalyst for each of the three catalytic 
cracking processes—and you'll find them in 
most of the country’s plants. Filtrol is a chem- 
ically prepared catalyst with a natural crystal- 
line montmorillonite structure of extreme 
porosity, which makes available scores of 
acres of internal adsorptive surface in every 
pound. The particle pores are sized to permit 
ready oil penetration, easy release of conversion 
products and full access to air for carbon burn- 
ing. Because of their strength and stability, Fil- 
trol Catalysts stand up under repeated regen- 
erations. ¢ Filtrol Corporation, General Offices: 
634 So. Spring St., Los Angeles 14, California 
Plants: Vernon, Calif. and Jackson, Miss. 


FILTROL CATALYSTS 






















a dry solid state, removing vaporous re- 
action products and condensing a gaso- 
line motor fuel therefrom. 


U.S.P. 2,328,846. Catalytic Conversion 
Process. E. C. Pitzer to Standard Ojj 
Company (Indiana). 

A catalyst for hydrocarbon conver. 
sions such as polymerization is de. 
scribed which is prepared from metallic 
aluminum by dissolving it in dilute acid 
to produce an alumina solution, then co- 
agulating or gelling the solution by the 
addition of hydrogen fluoride. The re- 
sulting gel is then dried and ignited to 
produce the desired catalyst. After ignit- 
ing the catalyst may be further heated 
at higher temperatures, preferably at 
about 1100° F. to effect further actiya- 
tion. 


U.S.P. 2,328,864. Method for Thermal 
Polymerization of Hydrocarbons. J. 
W. Throckmorton to The Pure Gil 
Company. 

Predominantly saturated hydrocar- 
bons (containing less than 40 percent 
unsaturates) and consisting mostly of C, 
and Cys are polymerized at 1000 to 1250° 
F. and 400 to 2500 pounds per square 
inch for a sufficient period to convert a 
substantial portion of the gas to liquid 
but under conditions insufficient to pol- 
ymerize considerable C: hydrocarbons. 
A great improvement is claimed by re- 
cycling the fraction containing the major 
portion of C,, C; and most of the G 
hydrocarbons in a recycle ratio of 29 
to 6. The unsaturated content of the 
mixture should be low enough not to 
cause a rise in reaction temperature. 


U.S.P. 2,332,298. Manufacture of Hydro- 
carbon Products. L. A. Clarke, G. B. 
Hatch and E. F, Pevere to The Texas 
Company. 

A process for the manufacture of tri- 
iso butylene is described. A normally 
gaseous hydrocarbon feed, containing iso 
butylene is polymerized in the pres- 
ence of a catalyst under such conditions 
that.a hydrocarbon mixture is obtained 
which contains di-iso butylene and tfi- 
iso butylene. The latter two are sepa- 
rated and the di-iso butylene is treated 
with 60 to 85 percent sulfuric acid at 
100 to 250° F. for a relatively short pe- 
riod, so that di-iso butylene is converted 
to tri-iso butylene with relatively little 
production of higher-molecular-weight 
material. After separation the trimer 
product may be hydrogenated and ad- 
vantageously employed in the manufac- 
ture of safety fuel. 


U.S.P. 2,334,195. Process for the Pro- 
duction of Polymerization Products. 
H. Hopff and S. Goebel to General 
Aniline and Film Corporation. 
Ethylene and another unsaturated 

compound such as for instance benzene, 
which must contain at least one double 
bond are copolymerized under suitable 
conditions like 55 to 180° and 100 to 30 
atmospheres in the presence of an inert 
organic solvent and a catalyst which 
consists of oxygen or a substance which 
generates oxygen under the reaction 
conditions. 


U.S.P. 2,337,360. Polymerization of Hy- 
drocarbons. W. Ullrich to The Lum 
mus Company. 

The method of maintaining the reat 
tion temperature in the polymerization 
or normally gaseous olefin hydrocaf- 
bons to gasoline hydrocarbons at a rela- 
tively constant level is claimed which 
comprises passing an olefin-contaiming 
gas through a heating zone and raising 
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JOHN ZINK 


Combination Oil and Gas 


BURNERS... 


Increase Capacity Without 
Flame Impingement on Tubes 


STEAM OM 


A 8 
C+ T1P DESIGN TO SUIT 
INSERTS THROUGH 2° PIPE 4OONS tae ” 


THE NEW MTB OIL GUN 











Series Y. Register-Center- 
Fire type. 
where oil is the main fuel. 


BMD—Dual Aspirator Bi-Mix 


type. Recommended where Recommended 


gas is the main fuel. 

















Fuel scarcity is no problem when JOHN 
ZINK MTB Burners are used. Performs 
equally well with any fuel from gasoline 
to pitch. Burns with a short flame, refining 
gases, residue gas and natural gas of 
varying heat values, without adjustment. 


John Zink and his engineers are willing and capable of 
designing and manufacturing special burners for special 
purposes. 


JOHN ZINK COMPANY 


TULSA, OKLAHOMA 





NEW YORK .. . LOS ANGELES . . . DETROIT . . . SAN FRANCISCO 





it therein to the temperature of reae- 
tion, passing the heated gas to a sub. 
stantially unheated reaction zone and 
maintaining it therein for a time suffi. 
cient to effect a substantial polymeriza- 
tion of the gaseous olefins to gasoline, 
maintaining the resulting mixture of 
gases and polymer vapors under a sub- 
stantial pressure during passage thereof 
through said reaction zone and reduc- 
ing the pressure on said mixture of 
gases and polymer vapors during pas- 
sage thereof through said reaction zone 
whereby the excess exothermic heat of 
reaction balances the cooling effect re- 
sulting from the reduction in pressure, 
the resulting pressure drop being greater 
than that which would ordinarily: be ex- 
perienced. 


Synthetic Rubber Output 


Surpasses Estimates 


Output of Buna S synthetic rubber 
as well as the output of all types of 
synthetic rubbers for the fourth quar- 


| ter of 1943 surpassed the estimates of 


the Office of the Rubber Director. 
For Buna S the actual output for the 
quarter was 105,711 long tons. The esti- 


| mate of the director was 105,000 long 


tons. The total for all grades of syn- 
thetic rubber in that quarter was 124,219 


| long tons, while the estimate for the 


period was 123,000 long tons. 
Jersey’s Bayway Refinery 


Sets Eight-Month Record 


The Bayway Refinery of the Standard 


| Oil Company of New Jersey set a new 
| local war production record of unin- 
| terrupted processing of crude petro- 
| leum when its No. 3 pipe still on Janu- 


ary 21 completed eight months without 
a shutdown. The previous Bayway rec- 


| ord was six months. In its present run, 
| which is still unbroken, the _ record- 


breaking pipe still has processed over 


| ten million barrels of crude petroleum. 
| General Superintendent D. L. Ferguson 
| of the Bayway Refinery credited the 


record to improved facilities and greater 


| effort on the part of employees to get 
| maximum war output from equipment. 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, Thirty-third, Federal 
and Dearborn Streets, Chicago, 
Illinois, has received urgent re- 
quests for the chemicals listed be- 
low, If anyone has one or more, 
even if only in one gram quanti- 
ties, please inform the registry. 

Bismuth tribromide, anhydrous. 

2-benzyl pyridine (10 g.). 

N-Benzyldiphenylamine. 

Brenthol AS (B-hydroxy nap- 
thoic anilide). 

Chromous chloride. 

Cobalt thiocyanate (100 g.). 

Cetyl Trimethyl Ammonium 
Bromide. 

Dilauryl phosphate. 

Difluorobenzenes, particularly 
1,4. 
Isonitroso acetophenone (10 g.). 

4-Methyl-1, 2-dimercapto-ben- 
zene. 

Naphthalene-1,3,5-trisulfonic 
acid. 

Phosphorous pentabromide. 

o-Phthalic aldehyde. 
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SCIENCE AND TECHNOLOGY 


Abstracts prepared in cooperation with the 


PETROLEUM REFINER 


by 


‘THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 


under the supervision of 
DR. E. H. LESLIE and DR. H. B. COATS 








The abstracts here presented are selected from the current literature of science and 
technology to afford reference to fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 








Fundamental Physical 
And Chemical Data 

Heat Capacities of Hydrocarbon 
Gases, D. R. Strutt, Ind. & Eng. Chem. 
35 (1943) pp. 1303-4. 


In a previous paper a method for 
calculating gaseous heat capacities of 
hydrocarbons at zero pressure was pre- 
sented. The author now gives a pro- 
cedure for converting these heat ca- 
pacity values to one atmosphere pres- 
sure. The Berthelot equation of state 
was used, written in the following form: 

A C,= 5.03 T*./P.T° 

The critical constants of typical paraf- 
fins, olefins, naphthenes and aromatics 
are tabulated. The molal heat capacities 
of the hydrocarbon gases at one atmos- 
phere pressure and at temperatures from 
250 to 1500° K. are given in tabular 
form. The contribution to heat capacity 
of the acetylenic bonding is tabulated. 
Calculation of the heat capacity of 
acetylene with the new frequencies gives 
results as much as 12.5 percent lower 
than the data of Frost. This is under- 
standable for the theoretical assign- 
ment of frequencies in acetylene is con- 
siderably different than those for the 
substituted acetylenes on which the new 
frequency assignment is based. A bibli- 
ography of 25 references is included. 


Viscosity of n-Pentane, R. M. Hus- 
BARD AND G. G. Brown, Ind. & Eng. 
Chem. 35 (1943) pp. 1276-80. 


The viscosity of liquid n-pentane was 
measured with a rolling ball viscometer 
in the range from normal temperature 
and pressure up to 250° C. and 1000 
pounds per square inch. The density of 
the pentane used was 0.6213 grams per 
ce. at 25° C. The boiling point, at 760 
mm. was 36.05° C. The apparatus used 
in the work is described in some detail, 
and detailed drawings showing the as- 
sembly as a whole and the pressure 
vessel assembly are included. Experi- 
mental data are presented in tabular and 
graphical form. The data in the litera- 
ture on the viscosity of n-pentane are 
reviewed and plotted for comparison 
with the data obtained by the authors. 
The probable accuracy of the data re- 

orted is discussed in some detail. A 

ibliography of 15 references is in- 
cluded. 


150 


Viscosity of Natural Gases, L. B. 
BicHer, Jr., AND D. L. Katz, Am. Inst. 
Mining Mt. Engrs., Tech. Pub. No. 1599 
(1943) 7 pp. 

The authors present a correlation for 
predicting the viscosities of low boiling 
paraffin hydrocarbon solutions such as 
natural gases for temperatures 0.400° 
F. and for pressures from atmos- 
phere to 10,000 pounds per square inch. 
The correlation is based on viscosity 
data for the methane-propane system. 
It requires a knowledge only of the 
molecular weight of the natural gas. 
The viscosities of natural gases reported 
in the literature up to 2500 pounds 
were reproduced by the correlation with 
an average deviation of 5.8 percent. 


Surface Tension of Crude Oils Con- 
taining Dissolved Gases, D. L. Karz, 
R. R. Monroe Anp R. P. TRAINER, Am. 
Inst. Mining Met. Engrs., Tech. Pub. No. 
1624 (1943) 10 pp. 


A formula for computing the surface 
tension of hydrocarbon solutions was 
developed. It is based upon recent meas- 
urements of surface tension for the 
system methane-propane. Data for n-bu- 
tane gasoline solutions are used to 
show that the formula can be applied 
to complex solutions. Surface tension 
data on heptane and heavier fractions 
of equilibrium liquids containing dis- 
solved gases previously reported per- 
mitting the computation of the surface 
tension for these oil-gas systems at 
pressures up to 8200 pounds per square 
inch. The surface tension for crude oils 
containing dissolved gases at pressures 
above 3000 pounds per square inch may 
be expected to be below 2 or 3 dynes 
per centimeter and may be below _0.1 
dyne per centimeter. 


Correlating Adsorption Data, D. F. 
OTHMER AND F. G. Sawyer, Ind. & Eng. 
Chem. 35 (1943) pp. 1269-76. 


Equilibrium vapor pressures of gas 
or vapor adsorbed on activated carbon 
or other substances are correlated with 
the temperatures of adsorption and 
the concentrations of gas or vapor by 
the graphical method described in a 
previous article. The equilibrium vapor 
pressures or the substance adsorbed 
on a solid absorbent are plotted against 


the normal vapor pressures of the same 
or a different material at corresponding 
temperatures to give straight lines on 
a logarithmic plot. The usual advantages 
of a straight-line relation are obtained, 
and their slopes are equal to the ratios 
of the molal heats of adsorption to the 
molal latent heat of the reference sub- 
stance. The heats of adsorption can be 
calculated from this relationship. The 
calculations so made check calorimetric 
data closely. These methods of plotting 
and of using data are of considerable 
help in the design of adsorption systems 
when only a few data are available. Data 
are given for ethyl chloride adsorbed on 
charcoal, for n-pentane adsorbed on 
charcoal, benzene adsorbed on charcoal, 
and methanol, ethyl ether, carbon mon- 
oxide and ammonia absorbed on char- 
coal, water adsorbed on paper, and 
heats of adsorption for methanol, ethy! 
ether and carbon tetrachloride adsorbed 
on charcoal at different temperatures. 


The System Hexane-Methylcyclopen- 
tane-Aniline, B. pe B. Darwent Ann C. 
A. Wink er, J. Phys. Chem. 47. (1943) 
442-54. 

The phase diagrams at 25, 34.5, and 
45° C. for the system hexane-methyl-_ 
cyclopentane-aniline are given. The re- 
sults are applied to equations previously 
developed governing the fractional ex- 
traction of hydrocarbons by aniline. 
Mathematical manipulation of the equa- 
tions proposed gives an anomalous re- 
sult, probably because the relationships 
proposed are inadequate to describe the 
system. 


Equilibrium Still for Partially Misci- 
ble Liquids, A. P. Corsurn, E. M. 
SCHOENBORN AND D. Suiiine, Ind. & 
Eng. Chem. 35 (1943) pp. 1250-4. 


The vapor over much of the soluble 
region of partially miscible mixtures 
will, upon condensing, separate into tw0 
layers and prevent the use of the usual 
recirculation types of equilibrium stills. 
Consideration of the difficulties involved 
led the authors to a different philosophy 
of approach to the problem. Instea 
of attempting to determine the vapor 0 
equilibrium with given liquid samples, 
vapor streams were mixed and the cor- 
responding equilibrium liquids found. 
Vapor streams of any composition caf 
easily be formed by mixing the vapors 
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for efficient liquid hydrocarbon purification 


The GIRDLER Liquid Hydrocarbon Purification Process 
embodies the same operational principles and economies found 
in the well known efficient GIRBOTOL Gas Purification Process. 
This continuous process for purification of feed stocks .. . to 
polymerization .. . alkylation . . . and other refinery operations 
where H.S removal is required is more effective and economical 
than any other method. 


Girdler offers processes for gas manufacture, purification, sep- 
aration and dehydration . . . Consult us on your problems con- 
cerning hydrogen sulfide, carbon monoxide, carbon dioxide, nat- 
ural gas, refinery gases, liquid hydrocarbons, hydrogen, nitrogen. 


The GIRDLER CORPORATION “m« 





















































CHEMICAL 






































5 ee ee 


a hari eB 


ee ie 


BP Bi) 





PT pbc ER ty DD we eS AR aa IE Sem 














QR escaren ¥} Tee 
apy) : 
it 4 A 


M 


@ There isn’t a second to lose! Oil ignites 
rapidly. But FIRE-FOG goes to work 
automatically, quickly — drops like a 
blanket over the burning area, and only 
that area. Millions of tiny particles of 
water form a mist-like spray or “heavy” fog. 
The fire can’t breathe. The cloak of mist 
cools it, chokes it — the work of quench- 
ing the fire has begun almost instantly. 


If your plant is menaced by the extra fire 
hazard of oil or other flammable liquids, 
an “Automatic” FIRE-FOG System will 





Imagine DROPPING A 


BLANKET 


OVER AN OIL FIRE 





By 


ip ff 


provide adequate protection. Night and 
day, FIRE-FOG safeguards against the 
destruction of costly, perhaps irreplace- 
able, equipment — against shut-downs and 
needless losses. 


“Automatic” and its predecessor companies 
have made a half-century study of fire 
protection methods. This priceless know- 
how covers every fire-hazard condition. 
Result: The “Automatic” System you buy 
is the one that fits your requirements, 
adequately and exactly. 


An “Automatic” Engineer will be glad to talk it 
over with you at your convenience 








AUTOMATIC 


* If BLANKETS 





FIREFOG * sinc 


“AUTOMATIC” SPRINKLER CORPORATION 


OF AMERICA * YOUNGSTOWN, OHIO 











from separate stills containing the pure 
components, and the liquid can readily 
be brought into equilibrium by bub- 
bling the mixed vapor through the liquid, 
The paper describes a special still and 
contains data taken in the testing of 
the apparatus on the commercially 
important system isobutanol - water, 
Data were also obtained on ethylene di- 
chloride-toluene. The data on ethylene 
dichloride-toluene conformed with 
Raoult’s law and with earlier data. 
Those on isobutanol-water agreed well 
with the data of Stockhardt and Hull 
and showed general consistency when 
plotted as activity coefficients. It is 
suggested that data can be obtained on 
ternary and multicomponent systems 
generally by the proposed method, and 
that it can also be used for miscible 
liquids. The apparatus used is described 
in some detail, and the data obtained in 
the work are presented in tabular and 
graphical form. 


Chemical Compositions 


And Reactions 

The Catalytic Isomerization of Par- 
affin Hydrocarbons. I. Butanes, P. A. 
LEIGHTON AND J. D. HEDMAN, Jowr, 
Amer. Chem. Soc. 65 (1943) pp. 2276-80, 


The homogeneous liquid phase iso- 
merization of n-butane was_ studied, 
using special precautions to insure con- 
trol of conditions. Aluminum bromide 
and hydrogen bromide mixtures were 
employed as catalyst. The reaction is 
chemically clean-cut. Completely anhy- 
drous aluminum bromide has no action 
on n- or i-butane, but traces of moisture 
are sufficient to engender isomerization 
in the presence of the halide. From the 
rate studies it is concluded that HAIBy 
is the true catalytic agent in this casé, 
The apparent activation energy for the 
isomerization of n-butane is 9.2 kilo- 
gram calories per mole. From the rate 
constant and activation energy, a tem- 
perature-independent rate factor of 1 
is caluculated. This is much smaller 
than that predicted from collision rate 
considerations. 


Synthesis of Hydrocarbons Accord- 
ing to the Method of Freidel and Crafts, 
H. Uticu, A. KEUTMANN AND A. GEIER- 
HAAS, Z. Elektrochem. 49 (1943) pp. 
292-6. 


The reaction of ethylene and benzene 
was studied using such catalysts 4s 
aluminum chloride, gallium chloride, and 
indium chloride. With aluminum chlo- 
ride the reaction proceeds either through 
the formation of an intermediate com- 
pound EtCl or through the surface re~ 
action on solid aluminum chloride. If 
gallium chloride is uscd, the reaction 
does not go through the ethyl chloride 
intermediate. Indium chloride does not 
catalyze the reaction. Gallium chloride 
is most effective between 50° and 
C. and gives a high yield of ethyl ben- 
zene. A high initial reaction rate is had 
with gallium chloride. One hundred 
moles of ethylene will react per mole 0 
gallium chloride. The mechanism of the 
deactivation process is not entirely cleaf. 


Spatial Arrangement of Atoms i 
Contact Catalysis and the Dehydrogen@ 
tion of Hydrocarbons with Open Chains, 
A. A. Batanpin, Acta Physiocochim, 
U. R. S. S. 18 (1943) 69-90 (in English). 


The value of (1/a) X 10° in the equeé 
tion In k, = aQ + b, in which Q is the 
activation energy of the Arrhenius equé 
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“I always get a kick out of buttoning up one of 
these big babies for a long haul. It may take two 
or three flat cars to carry her .. . but even that 
doesn’t tell you how much planning and hard 
work everybody at Southwest has done to get this 
job on its way ...on time!” 





Fabricators of Steel to 
_ ASME’and API-ASME 
\ Code Requirements. 


Southwest Welding & 
Manufacturing Co. 


ALHAMBRA, CALIFORNIA 
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Whatever your drying problem... 
KEMP HAS SOLVED IT BEFORE 


K. S. G. silica gel adsorptive dryers are speeding 
forced draft production in every war industry* that 


faces problems in drying gases, liquids or solids. 


Kemp Silica Gel Dryers are available on prompt 
notice in a wide variety of standard types and 
sizes, while specially engineered units to meet 
special requirements are furnished as quickly as 
war conditions permit. To summarize, standard 
units are made in capacities from ten to 100,000 
c. £. m., from atmospheric pressure to very high 
pressures. Activation is by gas, electricity or steam 
as desired, with single tower units for intermittent 
operation or twinned towers for continuous 


production, 


To paraphrase a famous (and living) U. S. 
General, standard units may be had RIGHT 
NOW, special designs will take a little longer. 
C. M. Kemp Mfg. Co., 405 East Oliver Street, 
Baltimore-2, Maryland. 


*Except the dehydration of foods, which is a 
different problem altogether. 











tion, is nearly constant for various sub- 
stances on a given catalyst. It is ap- 
proximately 2.0 for metals (this indj- 
cates a planar arrangement of the cyclo- 
hexane molecule). It is about 3 for 
oxide catalysts (this indicates an edge 
arrangement on the catalyst). The de- 
composition of butane at 570° C. in con- 
tact with Cr.O; for .15 seconds yields 
Hz 37.5, CoH, 2.4, C:He 3.7, CH, 0.3, 
C;H; 0.1, C,H; 29.0 and C,H 26.8. The 
maximum yield of butadiene is 75%, 
obtained from 2-butene at 570° C. within 
a time of 0.3 seconds. 































































The Nitration of Higher-Molecular 
Paraffin Hydrocarbons, C. GRUNDMANn, 
Die Chemie 56 (1943) pp. 159-63. 


Difficulties in the nitration of the 

higher molecular weight paraffins can 
be overcome by passing finely divided 
superheated nitric acid vapor through 
the liquid hydrocarbons preheated to 
the reaction temperature. The reaction 
product is composed of nitro paraffins 
in the main. The apparatus used in the 
work is illustrated and described. Among 
the charging stocks used were: straight- 
chain hydrocarbons obtained by the de- 
hydration of pure alcohols and subse- 
quent hydrogenation of the olefin mix- 
ture, and also mixtures of liquid hy- 
drocarbons from the Fischer - Tropsch 
snythesis. The nitration method is not 
considered hazardous for hydrocarbons 
of a molecular weight of Cs and higher. 
For nitro paraffins containing 1 to 3 
nitro groups are not more inflammable 
than the hydrocarbon raw material. For 
hydrocarbons of Cw and higher the 
lower temperature for the reaction is 
140-150° C. and the upper temperature 
limit about 200° C. At higher tem- 
peratures decomposition of products oc- 
curs. The best temperature interval is 
between 160° and 180° C. The reaction 
proceeds rapidly and _ limitations in 
throughput have so far been caused by 
the capacity of the equipment for han- 
dling the gas volumes from the reaction. é 
The separation of the reaction products 
is best accomplished by treatment with 
concentrated alkaline solutions _ that 
gives several fractions: (1) unchanged 
hydrocarbons; (2) tertiary nitro paraf- 
fins and neutral oxidation products dis- 
solved in the hydrocarbon layer; (3) 
primary and secondary nitro paraffins 
and fatty acids in the alkaline solution. 
The primary and secondary nitro paraf- 
fins can be precipitated from the solu- 
tion by neutralization with carbon di- 
oxide, under which conditions the fatty 
acids remain in solution. A comparison 
of the method used with other methods 
is given. The nitration of dodecane with 
nitric acid and with NO: is presented 
in detail and a discussion of the mech- 
anism of reaction is appended. 





Fluorinated Derivatives of Propane. 
V. A. L. HENNE AND J. V. FLANAGAN, 
Jour. Amer. Chem. Soc. 65 (1943) pp. 
2362-3. 


Fluorinated derivatives of propane 
that are fully halogenated or have only 
one atom of hydrogen in the molecule 
are prepared from the corresponding 
chlorides by means of antimony fluoride. 
Derivatives in which all halogen atoms 
are linked to the same carbon are best 
prepared by the action of hydrogen 
fluoride on propyne or on some chloro 
olefin. For the synthesis of derivatives 
that bear both halogen and hydrogen 
atoms on the same carbon atom, neither 
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Patent Applied For 


These two illustrations of R-S Butterfly Valves exemplify the wide 
pressure range (15 to 900 psi) handled by this type valve as well 
as the simplicity of design. 

When completely assembled, the heavy duty power operated 
valve, No. 610, will be equipped with a dual stuffing box, hand 
wheel declutching unit, hand jack and mercury switch. Shaft 
supported on ball or sleeve bearings enclosed in grease packed 
journals—pressure lubrication. 

The manually operated three-way valve, No. 611, is utilized for 
| quick interchange and mixing service. It is adapted to power 

operation as well as high pressures and elevated temperatures. 

This visual presentation of R-S Engineering speaks for itself. 
If you are interested in simplified control and shut-off of volume 
and pressure, write for the complete story contained in the new 
R-S Catalog No. 14-B. 





VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley Street + Philadelphia 44, Penna. 


BUTTERFLY VALVES 











method works, but it has now been 
found that fluorination with a mixture 
of mercuric oxide and hydrogen fluoride 
can be adapted to accomplish this end, 
Directions are given for the fluorination 
with a mixture of mercuric oxide and 
hydrogen fluoride that makes it possible 
to obtain yields as high as 85%. A series 
of polychloropropanes containing sey- 
eral hydrogen atoms in their molecules 
have been fluorinated to new deriya- 
tives whose physical properties are tabu. 
lated. 














The Reaction of Sulfur Dioxide with 
Olefins: The Ceiling Temperature Phe- 
nomenon, R. D. Snow anp F.. E. Frey, 
Jour. Amer. Chem. Soc. 65 (1943) pp. 
2417-18. 


Simple olefin hydrocarbons and sulfur 
dioxide undergo a catalyzed reaction in 
a homogeneous liquid phase to form 
polysulfones of high molecular weight. 
As reaction temperature is elevated, the 
reaction is suddenly arrested at a char- 
acteristic temperature level, but reac- 
tion starts again upon lowering the tem- 
perature slightly below this level. This 
threshold has been designated as the 
“ceiling temperature.” For any given 
olefin species the ceiling temperature is 
the same whether actinic light or cata- 
lytic substances are used and despite 
variations in reactant proportions and 
purity. A possible explanation is indi- 
cated. Ceiling temperatures found for 
the olefins studied were as follows: pro- 
pylene 87-89° C.; isobutylene 4-5° C; 
l-butene 63-66° C., and 2-butene (cis- 
trans mixture) 43-45° C. 












































Possible Applications of Petroleum 
and Tar as Starting Products for the 
Organic Chemical Industry, A. W. 
Scumipt, Oel u. Kohle 38 (1942) 1455-63. 


The author reviews and discusses the 
synthesis of organic chemicals, solvents, 
dyes, drugs, rubber and other synthetic 
products from petroleum, coal, and tar. 
Hydrocarbons, as well as compounds of 
sulphur, oxygen, nitrogen, and so on, 
are considered. 


High-Pressure Absorption of Low- 
Boiling Hydrocarbons, C. G. KIRKBRIDE 
AND J. W. Bertetti, Ind. & Eng. Chem. 
35 (1943) pp. 1242-49. 


The recovery of distillate from high- 
pressure gas fields is a problem of some 
importance. State regulations require 
that the gas be sold for a useful purpose 
or returned to the reservoir from which 
it originated. High-pressure absorption 
is a method that should permit more ef- 
ficient recovery of distillate at high pres- 
sure than is obtained by the retrograde 
condensation methods. The design 0 
high-pressure absorbers, however, fe 
quires a knowledge of phase equilibria at 
high pressure in systems with various 
types of lean oil. Few data are available 
that can be used as a basis for design. 
The authors have endeavored to secure 
and present such data. Equilibrium com- 
stants are reported for methane, ethane, 
propane, n-butane, and n-pentane in three 
types of absorption oil. The range @ 
pressure studied was 125 to 3100 pounds 
per square inch, and the average tefr 
perature of 85° F. The three types of al 
sorption oil studied were) paraffinig 
naphthenic, and aromatic. The equilib 
rium constants at a given pressure 2 
temperature depend upon the type ® 
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This vessel is a typical example of 
the cooperative effort of Babcock & 
Wilcox and customers’ engineers in 


in solving similar high-pressure, high- 
temperature problems in process equip- 
ment design. 
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ce ee of 750 Fet200 he with in more than two million pounds of 
a wide fluctuations, at 135 psi, and with B&W oil still tube support castings oper- 
= the large number of tubes in the one =—_ ating at temperatures as high as 2000 F. 
inde sheet, the vessels presented a very diffi- Other castings produced, some of which 
oral cult design and stress-distribution are shown below are: soot blower ele- 
a problem. ments, heat-treating furnace parts, lead- 
“a : melting wire annealing pots, cement mill 
B&W engineers, backed by a fund of castings, paper mill and chemical plant 
leunt such experience and the most up-to- castings, boiler castings, baffles, im- 
. date laboratory and production equip- _pellers, oil burner nozzles and rolling 
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ROTO Tube Cleaners 


help you to operate efficiently 
WITH REDUCED MANPOWER 











One-man 
operation 
saves time 


and labor 


A great reduction in time and labor re- 
quired to keep tubular equipment at top 
efficiency is possible with Roto Tube 
Cleaners. One-man operation, a Roto 
feature for many years, enables one man 
to clean tubes entirely by himself. This 
labor-saving feature also eliminates the time formerly wasted signalling the 
helper. A simple air valve on the motor does the job. Roto offers you a wide 


selection of dependable, powerful tube cleaners for every refinery requirement. 
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lean oil used. For the same pentane 
recovery at pressures above 1500 pounds 
per square inch the naphthenic type lean 
oil should absorb less methane than the 
paraffinic. Above 1750 pounds, however 
the aromatic type will absorb less me. 
thane than the naphthenic. A_ higher 
lean oil rate is required for the aromatic 
type than for naphthenic or paraffinic 
type, but the lean oil loss by vaporiza- 
tion into the lean gas is 45 to 67 per- 
cent as much as that for the paraffinic 
type at pressures of 3000 to 1500 pounds 
respectively. At pressures around 125 
pounds the paraffinic type of lean oil is 
superior, both with respect to volume 
of lean oil required and to the absorp. 
tion of less methane for the same pem 
tane recovery. The apparatus used in the 
work is described in some detail and 
the results are presented in detail jn 
tabular and graphical form. Calculations 
of lean oil rate of loss and methane ab- 
sorption were made for a gas of given 
composition when handled in an absorp. 
tion column of three equilibrium units, 


Recent Developments in Thermofor 
Catalytic Cracking, T. P. Stmpson, L; P, 
Evans, C. V. Hornperc, AND J. W. 
Payne, Chem. & Met. Engr. 50 (1943) 
pp. 108-10. 


The newer types of catalyst used in 
the Thermofor catalytic cracking prot 
ess are described, particularly the bead 
type developed by Socony-Vacuum Oj 
Company. Recent catalyst developments 
have made it. possible to design reactors 
of high throughput capacity requiring 
no baffle system for obtaining intimate 
contact between oil vapors and catalyst. 
Such reactors can be used in countef- 
current or concurrent flow and _ have 
great flexibility with respect to space 
velocity. Catalyst feed systems now used 
permit continuous flow of catalysts from 
the atmospheric part of the unit into 
the reactor, which operates at 15 pounds 
per square inch gage. At present the 
TCC process is playing a vital role in 
the manufacture of high octane aviation 
gasoline, of butylene with synthetic rub- 
ber, and other essential war products. 
Results of the process as applied to 
typical stocks are recorded in the con- 
text and are summarized in a tabula- 
tion, 


Industrial Control Instrument Set- 
tings, L. H. Aven, Jr, Ind. & Eng. 
Chem. 35 (1943) pp. 1223-29. 


A recent paper by Ziegler presented a 
method of determining optimum instru- 
ment setting from a series of deter- 
minations of process characteristics, I= 
cluding all lags involved. According to 
the author of the present article this 
method has a sound mathematical back- 
ground and is simple enough to permit 
accurate settings in a few hours, it- 
stead of weeks and sometimes months 
involved in the hit-or-miss, trial-and- 
error methods now practiced. Ziegler’s 
paper was based on controllers made by 
the Taylor Instrument Company. The 
author conducted an investigation of the 
outlined procedure on a Foxboro con- 
troller. The controller studied was 4 
Foxboro Model 30 Stabilog temperature 
controller used to regulate the steam 
flow to an acetone recovery column. In 
presenting the results of his study of 
this instrument the author defines terms 
and describes in some detail the proce 
dure used in the investigation. Photg 
graphs of typical charts are included m 
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. +. Globe ELECTRIC Welded Stainless Steel Tubing . . .~ 
,, BROADENS THE USES OF STAINLESS 


ine HE comparatively lower cost of Uniformity is achieved through ex- 

rub- GLOWELD Stainless Steel Tub- acting control in production pro- 

i to ing and the wide range of diameter cesses and by thorough inspection 
and wall thicknesses, suggest many at every step in manufacture. 
new applications for stainless tubing. 
Accuracy to size and gauge permits 
faster fabrication, easier bending, cut- 
ting, welding, expanding and flang- required, GLOWELD offers an 
ing. There is no detectable flash at economical and satisfactory solu- 
the weld because GLOWELLD is pro- tion to the problem . . . perhaps to 


duced by a closely controlled process. LOBE a problem of yours. 


Where lower cost is a factor and 
high-grade stainless steel tubes are 


: - Sig EE il lela 4 
Photomicrograph of weld zone, OILER TUBES 
showing grain structure of weld 
and parent metal. 


G Al B E STEEL TUBES C0., Milucwhee, Wisconsin, U.S.A 
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CLEANERS 





FOR 
TUBES 


ecb 


Wilson Tube Cleaners are made for straight 





tubes of every size and radius that can be 
cleaned mechanically. Cutter heads are avail- 
able for every kind of scale or deposit from 
soft and powdery to 


thick, hard tube- Pw a 
plugging scales. Mo- cleaners for the 
problems of to- 


tors are driven by air, day. 


steam, water or elec- 






tricity. 


THOMAS C. WILSON Inc. 


44th AVENUE, LONG ISLAND CITY 1, NEW YORK 











the article. It was concluded that the 
work confirms the data preseitited in the 
paper by Ziegler and Nichols. The meth. 
od for obtaining optimum setting; 
proved to be straightforward and sim. 

ple, and offered a rapid method of ob. 
taining optimum settings. Settings ob. 

tained in this manner, it is believed 

will be consistently closer to the actual ‘ 
optimum than those obtained by triaj 

and error. 





Education and the Petroleum Indus. 
try, V. C. Itiinc, Jour. Inst. Petr. 2% 
(1943) pp. 259-83. 


The author discusses education in its 
relationship to the »etroleum industry. 
No other industrv can claim such 
breadth of achievement and such ver. 
satility in application. No other industry 
has harnessed the sciences so completely 
in the service of the community. The 
petroleum industry searches the wide 
world for its raw materials, drills for, 
and produces them, and converts them 
into a galaxy of products, each of which 
is carefully controlled in its manufacture 
to suit the purpose for which it is made. 
It carries these products in its own ship, 
pipe line and tank wagon, to wherever 
people congregate. It has revolutionized 
transport with the fuels that have been 
developed for the internal combustion 
engine, and now bids fair to multiply 
enormously the range of its products in 
every phase of life. Yet the oil industry 
is young—barely eighty years, if primi- 
tive efforts are excluded, and its main 1 
growth has been achieved in the last 
thirty or forty years. The impact of the 
sciences on the industries is considered. 
The slowest rate of advance is usually 
found in the boundary areas between the 
applied sciences. Collaboration between 
the different sciences, which is essential 
in these boundary zones, is apt to be less 
effective than it is within the bodies of 
the sciences. This is because it requires 
a merging of different trains of thought 
and different methods of attack. Each 
phase of the industry is considered and 
discussed, including exploration, oil pro- 
duction, transport, refining and market- 
ing. Education is then considered in re- 
lation to each of these branches, Sug- 
gestions are made for the development 
of the educational system, better to fit 
it to the needs of the petroleum indus- 
try. The educational work of the Insti- 
tute of Petroleum Technologists is 
briefly considered. 


Products: Properties 
And Utilization 


Chlorohydrocarbon Solvents, E. W. 
McGovern, Ind. & Eng. Chem. 35 (1943) 
pp. 1230-39. 


The commercially important chlorin- 
ated aliphatic hydrocarbon solvents 1 
clude methylene chloride, chloroform, 
and carbon tetrachloride of the methane 
group; trichlorethylene and perchloreth- 
ylene of the ethylene group; ethylene 
dichloride of the ethane group; and pro 
pylene dichloride of the propane group. 
Of less importance as_ solvents 4af¢ 
methyl chloride, ethyl chloride, tr 
chloroethane, tetrachloroethane and pet 
tachloroethane. One of the important 
properties of the chloro compounds 
low flammability or’ nonflammability. 
Except for methyl chloride, ethyl! chlo 
ride, dichloroethylene. ethylene dichlo- 
ride and propylene dichloride, all hav 
flash points above 80° F. and are there 
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RUBBER SHATTERS LIKE GLASS 


OIL CONGEALS, 
GASOLINE FREEZES 





























100 DEGREES BELOW ZERO! 






METALS SHRINK 
WATCHES STOP 


Going down! Zero...10 below. . . 50 
below... 100 below...and still going! 
Not in a scientist’s laboratory, but in 
everyday life. . . in industry. 
Far-below-zero temperatures have been 
put to work. Machine parts are shrink- 
fitted together by the application of ex- 
treme cold to one of the parts. Methods 
of marketing food are being changed by 
new high-speed freezing processes. 
Refrigerated test chambers are teach- 
ing men and airplanes how to fly in those 
strange and frigid atmospheres . . . the 
troposphere and the true stratosphere. 
Today sub-zero temperatures... 


produced by General Electric Industrial 
Refrigeration and Air Conditioning equip- 
ment, are working in hundreds of ways 
to help speed up America’s war effort... 
to help machines work more efficiently. 

Tomorrow, when war clouds lift, these 
new techniques will bring benefits to all 
in flexible, efficient air conditioning and 
commercial refrigeration equipment... . 
from General Electric. 

General Electric Co., Air Conditioning 
and Commercial Refrigeration Divisions, 


Section 442, Bloomfield, New Jersey. 


PPPS ISI IVTFVITS 
Te mawes Soren 


Iudustrial Refrigeration by 
GENERAL @ ELECTRIC 





INSTANTLY 


FOOD FREEZES 






Hear the General Electric Radio Programs: The “‘G-E ALL-GIRL ORCHESTRA,” Sunaays 10 P. M., EWT, NBC..." THE WORLD TODAY” News, Every Weekday, 6:45 P.M., EWT,CBS 
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STRAINERS 
"Dolice the Pipeline’ 


YARWAY STRAINERS are selling by the 
thousands because they are better engi- 
neered for the service. 

“The Screen is the Thing” —a high-grade, 
woven Monel wire screen that stops the 
dirt, lets fluids flow freely. 

Then, too, purchasers like the body finish 
—Cadmium plating inside and out for 
protection against corrosion. stil 
And last but not least, it is “Easy to Clean” 


having a steel blow-off bushing, precision 
machined with straight thread. Screen and 
bushing come out together—go back to- 
gether, automatically aligning. 








Six sizes, 2" to 2” for pressures up to 
600 Ib serve practically all strainer needs. 


Sold by over 100 Mill Supply Houses. See 
your Supply House or write for Bulletin 
S-200. 


YARNALL-WARING COMPANY 


128 Mermaid Avenue PHILADELPHIA 18, PA. 


YAR WAY STRAINERS 
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fore considered nonflammable under By. 
reau of Explosives regulations. Unde 


he chlorinated products may occur with 

formation of an acidic decomposition 
product. Decomposition may be caused 
by oxidation, hydrolysis or pyrolysis. 
Charts are presented in the article cover. 
ing vapor pressures over a temperature 
range up to 200° C., density of liquid 
to 160° C., density of saturated vapors 
up to 180° C., solubility of the chlorohy- 
drocarbons in water up to 70° C., solu. 
bility cf water in chlorohydrocarbons up 
to 80° C., latent heat, specific heats of 
liquids, specific heats of vapors, vis- 
cosity of liquids up to 140° C., viscosity 
of vapors up to 200° C., thermal con- 
ductivity of liquids and vapors, and dif- 
fusivity in air at 1 atmosphere pressure. 
In addition a tabulation is given of the 
physical properties of the chlorohydro- 
carbons including other data than those 
in the charts. The stability of the com- 
pounds is discussed at some length. Ma- 
terials of construction are considered. 
Toxicity of the compounds is reviewed. 
The compounds are considered as sol- 
vents. They are good solvents for oil, 
fats and waxes. They have a relatively 
high solvent power for free alkalis. 


What About the Post-War Future of 
Synthetic Rubber? B. Dewey, Chem. & 
Met. Engr. 50 (1943) pp. 97-101. 


The article is an address made by 
Colonel Dewey on the occasion of his 
acceptance of the Sixth Biennial Award 
for Chemical Engineering Achievement 
on behalf of the American Synthetic 
Rubber Industry. Statistics on rubber 
and synthetic rubber are given. In 1944 
synthetic rubber plants will produce 
over 700,000 long tons of rubber, with 
a capacity by the end of the year of 
850,000 long tons. The rubber apparently 
produced is being used as fast as it is 
made. Buna S represents 86% of the 
present production of rubber. The price 
structure in the plantation rubber in- 
dustry is reviewed. It is to be expected 
that Buna S rubber can be produced 
after the war for approximately 12c per 
pound exclusive of plant depreciation. 
Butadiene made from 12c per gallon al- 
cohol will cost, before depreciation, not 
over 7%c per pound. With alcohol at 
15c the corresponding cost is 8.6c per 
pound. Butadiene should be produced 
by the petroleum industry at a cost of 
7c per pound before depreciation assum- 
ing present prices of crude oil and 
present prices of petroleum products. 
The approximate cost per ton per year 
of plants for styrene, butadiene and co- 
polymer rubber are, respectively, 
$340 and $150. Assuming that these 
plants could be built after the war for 
60% of their war cost, the factor of de- 
preciation would amount to approxt- 
mately 1.05 per pound for Buna S. 


An Outline of the Relationships 
Among Asphaltic Bitumens, Petroleum 
Resins and Aromatic Petroleum Res! 
dues, R. H. H. Mortey, J. Oil Colour 
Chem. Assoc. 26 (1943) pp. 62-8. 

Petroleum residues of aromatic na 
ture are obtained from the extracts 
from solvent extraction processes for 
refining lubricating oil. Their tendency 
to gum and oxidize makes them unde- 
sirable in lubricating oils. However, 
they can be useful as drying oils. The 
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1944 a Back Pressure Control Systems. Efficiency with low 

= sil i 4 installation cost characterizes this process control system 

oa : using Bristol’s Free-Vane Pressure and Flow Recording 
Controllers, and Bristol’s Synchro Valves with Position- 


ntly 
ers. Locating the control valve in the product line from 


the reflux accumulator permits use of a small valve. No 
liquid level controller is necessary on the accumulator, 
since level is automatically maintained by variations in 
the condensing rate. This is only one example of how 
Bristol has helped achieve the precise column pressure 
controls necessary in producing ultimate yields of today’s 
closely fractionated products. 


Checks on Corrosion, too. Continuous automatic pH 
recording of the water separated from the tower-product, 
provides a close check on corrosion conditions existing in 
the tower, and shows if adequate preventive measures 
are being taken. 


THE BRISTOL COMPANY 
111 Bristol Road, Waterbury 91, Connecticut 


The Bristol Company of Canada, Ltd. Bristol's instrument Co., Ltd. 
Toronto, Ontario London N. W. 10, England 


) semen 
| BansTols Exttea Refineme” 
Give Beer Refinery Cone 
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8% REASONS 
for the Superiority 
of G-T Packings 


1.SIMPLE LINE . . . makes 
correct selection easy 


2. COMPLETE LINE . . . an 


exactly suitable type for 
every service 


. SELF LUBRICATING ... 
each individual strand 
saturated with lubricant 


. SPECIAL LUBRICANTS... 
lubricant for each service 
specially compounded in 
our own plant 


.SELECTED YARNS ... 
provide tensile strength 
and resist high tempera- 
ture 


. CONSTRUCTION .. . as- 
sures maximum endur- 
ance, longest life. lowest 
friction 


7. EXPERIENCE... 80years 
of manufacturing experi- 
ence. 


8.PERFORMANCE ... 
proven in thousands o 
plants of every type 


LUBRICANT 
SPECIALLY COMPOUNDED 
Ss § ¢ 






















































for each service— 


Each Greene, Tweed packing has a 
lubricant which is “tailor made” to fit a 
definite range of service. 


For example, the lubricant in SUPER- 
CUTNO Packing for acids will not nitrate. 
The lubricant in CUTNO Packing for al- 
kalies will not saponify. The lubricant in 
PELRO Packing will not dissolve in gaso- 
line or oils. The lubricant in KLERO Pack- 
ing for food stuffs is colorless and edible. 
And so on. 


Moreover, each of these special G-T Pack- 
ing lubricants is compounded in our own 
plant, so that we have full control of its 
composition and quality. 


This is one of the 8 reasons why G-T 
Packings remain soft, pliable . . . protect 
rods, shafts and stems... 
assure lowest packing 
maintenance costs. You are 
safe when you standardize 
on G-T Packings... an 
exactly suitable grade for 
every service ... obiain- 
able from your dealer. 


GREENE, TWEED & CO. 


Bronx Bivd. at 238 St., New York 66, N. Y. 


















behavior of these materials with man- 
ganese and cobalt driers is tabulated, 
Petroleum resins are obtained as regj- 
dues from the distillation of certain 
crude oils, notably Miri crude oils, 
These are brown and contain no asphal- 
tenes. They are also obtained by the ex- 
traction of asphaltic bitumens with pen- 
tane that dissolve the brown resins and 
leaves the black asphaltenes. On evapo- 
ration of the pentane the resins are re- 
covered. Several types of asphaltic bitu- 
mens are obtained from petroleum: (1) 
residues from the straight steam and 
vacuum distillation of asphalt-base crude 
oils; (2) the “blown” types that have 
higher melting points and better weath- 
ering properties, that are made from 
the heavy residues of all types of crude 
oil and also from steam and vacuum 
residues from blowing with air at ele- 
vated temperatures; and (3) a type re- 
sembling coal-tar pitch that is made by 
the distillation of cracking residues. The 
various types of asphaltic bitumens ob- 
tained from petroleum contain asphal- 
tenes soluble in carbon tetrachloride, 
carbenes, soluble in carbon disulphide 
but not in carbon tetrachloride, and car- 
boids that are soluble in neither solvent. 


Measurement of Anomalous Viscosity 
by the Capillary-Tube Method, A. C. 
MeERRINGTON, Nature 152 (1943) pp. 
214-15. 

When viscometers such as the Bing- 
ham or the Ostwald are used to meas- 
ure the viscosity of materials that are 
not true liquids, such as clay or flour 
suspensions, cream, honey, _ grease, 
paints, starch pastes, or tar, errors of 
considerable magnitude may result if 
viscosity is a function of the rate of 
shear. The effect of capillary diameter 
on the viscosity of such materials has 
been explained in various ways, most of 
which do not consider the rate of shear. 
The instrumental error has been elim- 
inated in measurements made on rub- 
ber solutions and soap-thickened min- 
eral oils, with a simplified form of Ar- 
veson’s viscometer. For these materials, 
if the capillary is sufficiently long, the 
viscosity-shear curve is independent of 
capillary size. 


Rapid Ring and Ball Softening-Point 
Test, D. M. Witson, Jour. Soc. Chem. 
Ind. 62 (1943) pp. 140-1. 


A modified method of performing the 
ring and ball softening-point test has 
been investigated. Certain improvements 
have led to the development of a rapid 
method that greatly reduces the time 
and labor required in making a number 
of routing control tests. Instead of rais- 
ing the temperature of the testing bath 
at a regular rate of increase and record- 
ing the temperature at which the ball 
drops 1 inch, the time is taken for the 
ball to drop the same distance in a bath 
at constant temperature. The tempera- 
ture is chosen according to the approxi 
mate range within which the sample !s 
expected to soften. Graphs can be 
drawn showing the relation at each bath 
temperature between the time required 
to drop 1 inch and the .ring and ball 
softening point as determined by the 
standard method. Once these curves 
have been prepared the tests can be 
made rapidly. The method and appara- 
tus used are described in some detail 
and typical calibration curves are in- 
cluded. 
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WHAT’S CHICKEN FEED 
TO AN OIL MAN? 





sins YOU IMAGINE getting excited about a sin- 
gle barrel per day yield? Or... of all things...a 
\, -barrel P 


Yet just such chicken feed capacities have de- 
termined the destiny of oil... worth billions. 


For these outputs are typical of the pilot plants 
that give M. W. Kellogg service a unique posi- 
tion in the refining business. Far beyond mere 
“glass labs,” their columns tower 50 feet into the 
laboratory roof... reproducing, for practical ap- 
plication, 17 different types of refining processes. 

These pilots take the rule-of-thumb out of our 
clients’ projects. They pre-determine — before a 
single item is purchased—the optimum process de- 
sign, the economic value of a proposed plant. 


THE M.. W. Keztoce Company 


XX LABORATORIES -— fully equipped and staffed — de- 
voted exclusively to chemical engineering and proc- 


* Only 


ess development. 


Kellogg Service %24-HOUR-A-DAY PILOT PLANTS —17 refining 


processes operating continuously—providing accurate 
data for commercial scale application. 


*EXCLUSIVE CHEMICAL ENGINEERING DATA 
—Continuously compiled ... embracing both pilot 
plant runs and the operation of Kellogg-built refiner- 
ies. Data extends from beginning of modern refining. 


Has Them All 


* PROCESS ENGINEERS — Specialists who have contin- 
uously made major contributions to oil refining de- 
velopment, for more than 20 years... currently ex- 
emplified by their work on fluid catalytic-cracking. 


Here, for instance, is a measure of the accu- 
racy of the chemical engineering data revealed 
by the fluid catalytic-cracking pilot unit. From 
the information thus obtained, Kellogg is simul- 
taneously building — without further ado —“cat” 
plants whose combined output represents over 
50% of the United Nations capacity contracted 
for since the start of the war. 


But pilot plants are only one link. M. W. Kellogg 
service is an endless chain. We evolve the re- 
quired engineering data. We apply it. We develop 
process methods. We design. We erect the plant. 
We supervise initial operation. All on one basis 
... total war production now... with a head start 
on postwar competition for our clients. 


%& MECHANICAL ENGINEERS — Kellogg installations — 


worth hundreds of millions—are their best reference. 
. K METALLURGICAL LABORATORY — Establishes 

continuous check of specifications...creates new tech- 

niques for the fabrication of refining equipment. 

* PERMANENT CONSTRUCTION CREWS — Geared 
to function all over the world on single units or 
multiphase refineries . . . team-experience cuts covts, 
speeds construction. 

OPERATING STAFFS -— Specialists at placing new 
units ‘“‘on stream’’.. . training of refiner’s own oper- 
ating crews. 


* LICENSING SERVICE — Licenses available through 
Kellogg as Licensor or licensing agent for all types of 
refining processes. 
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Twin Pumping Unit 
BLACKMER ROTARY PUMP COMPANY 


Blackmer Rotary Pump Company, 
Grand Rapids, Michigan, announces a 
twin pumping unit designed primarily 
for use in petroleum bulk and blending 
plants, but believed by the maker adapt- 
able to many applications in other in- 
dustrial and processing fields. Chief 
adyantage claimed for the unit is that 
it provides double capacity to take care 
of temporary peak requirements, or 
that it permits the handling of two dif- 
ferent liquids without contamination. 
The pumps operate on the “bucket de- 
sign” (swinging vane) principle and 
are furnished in three constructions: 
unlined, with removable liners for han- 
dling corrosive or abrasive liquids, or the 
pumps may be furnished with steam- 
jacketed heads for pumping highly vis- 
cous liquids. 

The pumps are 90-gallons-per-minute 
capacity (each) for pressures up to 
100 pounds, and are mounted on a sub- 
stantial cast-iron base. A single motor 
serves as driver through reduction gear- 
ing, and operation is controlled by new 
designed twin clutches which permit the 
pumps to operate singly or together. 


Diaphragm Valves 
FISHER GOVERNOR COMPANY 


Fisher Governor Company, Marshall- 
town, Iowa, has perfected a new air 


relay for speeding up and assuring bet- 





Blackmer Twin Pumping Unit 


ter process control, through accelerating 
the action of pilot-operated diaphragm 
valves and by eliminating lag in long 
control lines. 

The device operates 
pendent air supply. 

Type 2601 has a loading ratio of 3 to 
1 and provides a 3-pound out-put pres- 
sure for each pound of air pressure vari- 
ation on the relay diaphragm. Type 
2601A has a loading ratio of 1 to 1 
for each pound pressure change on the 
relay diaphragm, with a 1-pound out-put 
pressure change. 

Specifications for the relay call for a 
Y%-inch cast bronze body with single 
seated double-acting inner valve con- 
struction. Seats are cut in the body and 
in the upper diaphragm follower. Dia- 
phragm housing, spacer piece and dia- 
phragm head are bronze. 


with an inde- 


NEW EQUIPMENT FOR THE MODERN PLANT 





Potentiometer 
THE BRISTOL COMPANY 


The Bristol Company, Waterbury. 9}, 
Connecticut, announces that they haye 
redesigned its Pyromaster Self-Balane 
ing Potentiometer. The new Model 43] 
instrument has a unversal wall or flush 
mounting case that is considerably deep. 
er than the previous Model 440M, and 
has an internal hinged panel on which 
are mounted pen and _ indicator-driye 
mechanism, and, in the case of electric 
controllers, the control contacts or pro. 
portioning slide wire, or in the case of 
air control, the complete new convert 
ible-type air operated control mech 
anism. 

This new deep case and inner panel 
make it possible to service or replace 
any part or portion of the instrument 
without disturbing any other part. It 
also makes it possible, in the case of 
electric type controllers, to include the 
control relays in the instrument, thus 
eliminating considerable external wiring, 

A heavy-duty pen-drive motor gives 
more torque for operating control con 
tacts and other similar functions, espe- 
cially under conditions of poor line volf- 
age regulation. 

The indicating scale on the indicating- 
recording model has been changed toa 
horizontal wide band instead of the 
rectangular dial-type provided on the 
Model 440M. 

The stepping relays and the slide wire 
in the potentiometer circuit have been 
enclosed in a dust-proof bakelite hous- 








OR over 25 years, engineers 
have depended on Johns- 
Manville Service Sheet for their 
askets. As a result of its per- 
ormance under widely varying 
temperature and pressure con- 
ditions against steam, oil and 
other fluids, gases and chemi- 
oven io Service Sheet is recog- 
nized as the No. 1 sheet pack- 
ing today. 

Over the years, J-M Service 
Sheet has been constantly im- 
proved to meet the increasingly 
severe demands of industry. Its 
dependability and high degree 
of uniformity are the result of 
quality ingredients and special 
Cesideiatan techniques de- 
veloped during three-quarters 
of a century of experience in 
the production of packings. 


For details on Johns-Manville Service Sheet and on the complete line of J-M Packings 
and Gaskets, write to Johns-Manville, 22 East 40th Street, New York 16, New York. 


‘Johns-Manville PACKINGS & GASKETS 


THERE’S A DISTRIBUTOR NEAR YOU 


218 
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Radiator shield 


Information supplied by 


Where radiators for enclosed cooling systems are 
set flush with the wall, weather damage can be 
prevented by installing a shield, which will pro- 
tect both wall and radiator and not prevent flow 
of air from the radiator fan. Enclosed cooling 
systems are advantageous for engines and com- 
pressors in natural gasoline plants, where water 
must be conserved. 

When these radiators are flush with the wall, 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING 
DATA ON MOLYBDENUM APPLICATIONS. 


Clima’ 
5 


February, 1944—A Gulf Publishing Company Publication 


''Petroleum Refiner’’ 


the joint between the two permits water to enter. 

A protecting metal shield should be set far 
enough from the wall to permit inspection or 
removal of the radiator core. It should extend 
far enough beyond the sides of the radiator to 
afford protection from rainstorms. 

Hot air forced through the radiator can be dis- 
sipated at the ends of the shield and at the opening 
at the bottom. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED e@ 
FERROMOLYBDENUM e “CALCIUM MOLYBDATE” 


pany 
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The water ends of Amsco-Nagle cen- 
trifugal pumps are always made of 
metals best adapted to withstand the 
corrosive or abrasive conditions under 
which each pump must operate. When 
three Amsco-Nagle 3” type “SW” 
units with 14” impellers were made 
for a petroleum refinery, this matter 
was given the usual consideration. 


In a coking unit quenching system 
these pumps handle water containing 
petroleum coke breeze which, being 
severely abrasive, has a severe scour- 
ing action. The pumps were fitted with 
water end parts of austenitic man- 
ganese steel, in this particular case, 
which ranks high in its resistance to 
this action. 


The design also plays a part in the 
successful operation of these pumps, 
which have been on the job for about 
three years. Notably, the water end 
inlet is inverted. That is, instead of 
a bottom inlet, the liquid enters from 


Chicago Heights, litinois 


Design and Material Adapt Amsco-Nagle 
Pumps to the Handling of Coke Breeze... 


AMERICAN MANGANESE STEEL DIVISION 


the top of the casing. This eliminates 
air or gas binding and causes hy- 
draulic thrust to counterbalance the 
weight of the revolving parts. Simple, 
liberal slippage seal adjustment is 
provided. The tubular structural mem- 
bers serve a dual purpose; one as an 
outlet pipe and the other as a duct for 
lubricant to the submerged bearings. 


One of these pumps is shown, be- 
fore and after installation, in pictures 
R-532 and P-59-N. Another, shown in 
picture P-62-N, is a 2” turbine-driven 
pump built to handle residue from a 
coke by-products still in a Midwest- 
ern refinery. 


Amsco-Nagle pumps are available 
in two horizontal and three vertical 
types and in sizes from 34” to 16”, 
with impellers as large as 48” in 
diameter, for capacities up to 10,000 
gallons per minute and for heads as 
high as 200 feet. Ask for Bulletin 
No. 940. 


















FOUNDRIES AT CHICAGO HEIGHTS, tL; NEW CASTLE, DEL; DENVER, COLO.; OAKLAND, CALIF,; LOS ANGELES, CALIF; ST. LOUIS, MO. @ 
OFFICES IN PRINCIPAL CITIES 














Bristol Model 431 Pyromaster 


ing, and a heavier power supply has 
been provided. 

Another change is that a standard cell 
type of manual standardizing circuit 
now replaces the voltmeter type orig- 
inally supplied. 

The Model 431 Pyromaster uses the 
same basic principle as previous models, 
providing a self-balancing round-chart 
recording potentiometer that has no con- 
tinuously moving mechanical elements, 
is unaffected by vibration, and needs 
no lubrication. 


Heavy-Duty Hydraulic Jack 
TEMPLETON, KENLY & COMPANY 


Templeton, Kenly & Company, Chi- 
cago, has developed a tandem-pump, 
hydraulic jack, in 30- and 50-ton size, 
for moving heavier weights faster, es- 
pecially in localities where cranes are 
not available. 

These powerful hydraulic jacks have 
high and low speed pumps and the 
pumps can be operated singly or in 
unison. 

The base is made of special analysis 
solid steel bar stock which adds to the 
load bearing security. The jacks have 
two release valves located on opposite 
sides of the base for the convenience of 
the operator. Either release screw con- 
trols ram return, The easy carrying grip 









Simplex Heavy-Duty Jack 
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ae Complete success in heating sensitive mineral fired heaters. Maintenance problems involving 
have § oils in the 400 to 700 degree F. range, depends costly shutdowns and delays are also eliminated 
no close, uniform temperature control. This is because Dowtherm is not scale or sludge form- 
lysis § one of the many advantages of the Dowtherm ing. These important factors contribute sub- 
A system—an advantage of prime importance in stantially to reduced production costs and 
wa variety of processing operations. improvement of the final product itself. 

con- 

grip 


For example, in heating solvent-oil and solvent- CHIEF DOWTHERM ADVANTAGES INCLUDE: 


extract mixtures, Dowtherm makes possible 


el; weer , ; 
more accurate temperature control than can High sea eet dais ee high eee: 


be obtained with direct firing. Without such © Controlled and uniform heating. 
control, the danger of localized overheating @ Flexibility of operation. 
is constantly present and partial breakdown © Lowered maintenance costs. 


or cracking of the oil may result. By using 





indirect Dowtherm heating, this problem is T H E D oO WwW C H E M | C A L C oO M P A N Y 
eliminated. MIDLAND, MICHIGAN 

New York * Boston + Philadelphia * Washington » Cleveland + Chicago + St. Louis 
In many operations Dowtherm systems can Houston + San Francisco + Los Angeles + Seattle 


be installed at lower first costs than direct- 





Dowtherm » 


CHEMICALS INDISPENSABLE 
The high temperature, low pressure, heat transfer medium TO INDUSTRY AND VICTORY 
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Civilization made a major for- 


ward advance when primitive man learned to 


enjoy the benefits and luxury of fire in his 
home. A hole in the roof was the first rude flue 
so vital to fire control. Today science and 
engineering apply the value of fire to virtually 
every activity of civilization. Perhaps there is 
no more important application of fire than 
to the controlled heating of hydrocarbons. 
Alcorn pioneered in the scientific design and 
construction of heaters for processing every 
type of petroleum product. High production 
efficiency, low operation costs in many im- 
portant refineries the world over are in no 
small measure the result of Alcorn installa- 
tions. Alcorn engineering backed by its 20 


year successful record is at your disposal. 


ALCORN 


Combustion Company 





SCHAFF BUILDING, PHILADELPHIA 
Los Angeles + Houston - San Francisco 




















is an integral part of the high speed 
pump. 

Two men can carry the jack by in- 
serting the jack lever through the pump 
handle sockets. 

The jack comes in two models: Model 
30HJ, capacity 30 tons; low height 1] 
inches; hydraulic lift 7 inches; weight 
65 pounds. Model 50HJ, capacity 50 
tons; low height, t2 inches; hydraulic 
lift 7 inches; weight 115 pounds. 


Spring Hanger 
GRINNELL COMPANY 

Grinnell Company, Providence 1, 
Rhode Island, announces a new pre- 
engineered spring hanger, designed to 
minimize changes in pipe supporting 
force. Piping engineers who have strug- 
gled with the design of simple spring 
hangers to support modern flexibly- 
supported piping systems will welcome 
this new hanger, the announcement says, 
as it will now be possible to select a 
stock size of hanger from a simple table 
after the load has been computed. The 
hanger is made in 14 sizes with a load 
range from 84 pounds to 4700 pounds. 

All-steel welded construction meets 
the pressure piping code. A swivel cou- 
pling provides adjustment and eliminates 
turnbuckle, and compact design cuts re- 
quired head room to a minimum. In- 
stallation is simplified by integral load 


| scale and travel indicator. 


Electronic Microscope 


GENERAL ELECTRIC COMPANY 


General Electric Company, 6 State 
Street, Schenectady, New York, is pro- 
ducing a simplified electronic micro- 
scope. The design is said to be unique 


| in that it employs electrostatic lens 


which do not require accurate voltage 
regulation. The instrument is housed 
in a desk design for convenience of 
operation. 

The microscope operates on ordinary 
house current, and is capable of pro- 
ducing images 10,000 times the size of 
the specimen. According to the manu- 
facturer, the electronic microscope 1s 
ten times more powerful than the best 
light microscope. 


Thermometer 
H-B INSTRUMENT COMPANY 


H-B Instrument Company, 2502 
North Broad Street, Philadelphia 32, 
announces a thermometer with porce- 
lain frame, for use in the petroleum field 
in determining temperature of liquids in 
tank cars. An important feature claimed 
is that with weight—1l1 pound as com- 
pared to ordinary thermometers of 
4 ounces—permits the unit to sink 
readily in viscous liquids. This ther- 
mometer is available in range from 0 to 
160° F., but other ranges can be made 
available. 


Flow Meter 
FISCHER & PORTER COMPANY 


Fischer & Porter Company, 919 
County Line Road, Hatboro, Pennsy! 
vania, has developed the “Magna-Bond 
Rotameter” for all types of flow-rate 
measurement where fluids are too 
opaque, or the temperatures and pres- 
sures too high, or where the service 3S 
too hazardous to permit the use ol di- 
rect-reading rotameters and electrically 
operated control instruments. _ 

The operation of the “Magna-Bond 
is simple and positive. To the flow 
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CHASE ANTIMONIAL ADMIRALTY’ 


Heat exchanger tube service records 
reveal that Chase Antimonial Ad- 
miralty is extraordinarily resistant 
to dezincification. In fact, not one 
failure from this cause has been 
reported—and there are millions of 
pounds of Chase Antimonial Admi- 
ralty tubes in use, some since 1935. 


Yet the longer service life you get 
from Antimonial Admiralty, adds 
nothing to the initial cost of the 
tubes. You pay no more for Chase 


Antimonial Admiralty than for 
plain Admiralty. 

Get the facts quickly and easily— 
just phone the nearest Chase Sales 
Service Office for full information 
on Antimonial Admiralty. 


TU. S. Patent No. 2,061,931 


POINTS TO REMEMBER 


1. Extraordinarily resistant to dezincification. 

2. Highly resistant to sulphur. 

3. Virtually immune to stress-free intercrystalline 
corrosion. f 

4. Costs no more than piain Admiralty. 

{Chase Antimonial Admiralty displays excellent 

resistance to this form of corrosion, in which 

penetration along the grain boundaries occurs. 











CHASE BRASS & COPPER CO. Incorporated, WATERBURY, CONN. 


Subsidiary of Kennecott Copper Corporation 


SPECIAL STOCKS OF 
ANTIMONIAL ADMIRALTY 













at 
ALBANY>k DETROIT MINNEAPOLIS PROVIDENCE Houston 
tae HOUSTON NEWARK ROCHESTER Los A ) 
—. INDIANAPOLISK NATIONWIDE ( NEW ORLEANS pone END os Angeles 
CHICAGO KANSAS CITY, MO. SALES SERVICE and NEW YORK $7. tous New Orleans 
CINCINNATI LOS ANGELES WAREHOUSE STOCKS PHILADELPHIA WASHINGTON X H 
CLEVELAND MILWAUKEE PITTSBURGH San Francisco 


* Sales Office Only 


—handiest way to buy brass Tulse 





This is the Chase Network 
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Amt. in form 
of Glucosate 
17 pounds 
17 pounds 
34 pounds 





3 pounds 
3 pounds 
10 pounds 
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DESIGNERS OF 
| CHEMICAL AND 
| DISTILLATION 
EQUIPMENT 


SHOPS 
224 


200 pounds 
500 pounds 


132 pounds 
330 pounds 


Application Saving 
100 pounds Calcium Brine 83 lbs. 
Salt Brine 183 lbs. 
Cooling Water 466 lbs. 
CHROMIC ACID 
66 pounds Calcium Brine 63 Ibs. 
Salt Brine 129 lbs. 
Cooling Water 320 lbs. 


Help us to stop the waste of chromium 
ore. Switch to Chrom Glucosate at once 
and tell your business ocquaintances the 
story of Chrom Glucosate, too. 





~ 


THREE YEARS OF CALLING ATTENTION TO SAVING CHROMIUM 
This advertisement ran in 1941 





BDEFENSE 


’ 





You can save chromium for defense and save money in your own 
plant by using our Chrom Glucosate,. You are wasting chromium, 
badly needed in our National Defense program, when you use it for 
corrosion control instead of chrom glucosate. 

Look at this table of comparison. It tells a commanding story. 
COMPARATIVE CHROMIUM CONSUMPTION USING 
GLUCOSATES AS COMPARED TO CHROMATES 

SODIUM BICHROMATE 
Amt. as dichromate 

















WATER 
CONSULTANTS 





D.W.HAERING & CO.,INC. 


GENERAL OFFICES: 
- CHICAGO, 


205 West Wacker Drive 
ILLINOIS ' 


CHEMICAL 


AND 


DISTILLATION EQUIPMENT 


STILLS, TOWERS 
EVAPORATORS 
KETTLES, PRESSURE 
VESSELS, EXTRACTORS 
COMPLETE PLANTS 


 . §.D. Hicks & Son Co., INC. 


51 E. 42nd Street, NEW YORK 


BOSTON, MASS. 









indicating float, which moves up and 
down within the tapered borosilicate 
glass metering tube of the rotameter, an 
extension containing a transmitting mag- 
net is attached. Through a strong mag- 
netic “bond” an external fork accurately 
follows the transmitting magnet as it 
moves up and down within a well above 
the metering tube. The movement of the 
float is thus carried to the outside instru- 
ment which may be an indicator or re- 
corder, or a pneumatic “Rotamatic” con- 
troller for complete automatic control. 

The absence of stuffing boxes and the 
ability to compensate for a wide varia- 
tion in viscosity caused by changes in 
chemical composition and temperature 
make the instrument available for meter- 
ing, recording and totalizing the flow of 
low-grade fuel oil. Hydrofluoric, hydro- 
chloric, caustic soda, and many other 
wo gama fluids are handled equally as 
well. 










































Scale for Weld Bend Testing 
THE FREDERICK-CLINTON COMPANY 


The Frederick-Clinton Company, 545 
Fifth Avenue, New York 17, New York, 
has devised a scale for weld bends, as 
an aid wherever welding has to meet 
required standards. 

The pad contains 25 sheets. Each 
sheet has one edge carefully ruled in 
1/50 of an inch, making it possible to 
measure up to 3 inches to the nearest 
1/100 of an inch, 

Printed on rag-content paper, the 
scale is a practical substitute for the 
steel rule, and it can be readily applied 
to sharply curved surfaces. The face of 
each sheet provides for a permanent 
record of the test data, while the back 
carries a handy table of figures, giving 
the required elongation to cover prac- 
tically every conceivable case. 

A chief merit of the scale, it is 
claimed, lies in its prevention of border- 
line failures in weld bend testing. 





Gasoline-Water Separator 
WARNER LEWIS COMPANY 


Warner Lewis Company, 710 14th 
Street, N.W., Washington, D. C., an- 
nounces a new water separator which is 
guaranteeed to deliver gasoline contain- 
ing not more than 1/500 of 1 percent 
water, free or emulsified. 

Excel-So, as the new separator ‘s 
called, combines the use of a coalescing 
media together with a low velocity set- 
tling chamber, thus introducing the dual 
principle of coalescing and settling of 
emulsified water in gasoline. 

When gasoline first enters the sepa 
rator, it passes through the contact set 
tion where the special coalescing media 
is employed. This media has the ability 
to break down the severest gasoline- 
water emulsion that may be developed 
either by pipe line turbulence or by 
action of the pumps. p 

As the water leaves the media section 
where the emulsion has been joined and 
rejoined into larger globules, the settling 
chamber, i.e., the open portion of the 
tank downstream from the media sec 
tion, affords a space where the water has 
an opportunity to settle to the bottom 
and find its way to the water accumt 
lator, where it is drawn off. 

The accumulator is provided with am 
automatic water evacuator valve, where 
it is automatically ejected from the sys 
tem in quantities up to two percent 0 
the total volume of gasoline handled. 

Should huge slugs of water occur, af 
electronic safety control switch goes inte 
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and trade publications about the portable pipe lines used to supply fast 


oF moving troops on the Fighting Fronts with gasoline, oil and water. 
” Quickly laid by unskilled army personnel, these lines have greatly in- 
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Mixed readily 

with water and 

easily applied, this plas- 

tic cement incorporates many 
unusual insulating features. 

Light in weight, Thermostic No. 2-has 
exceptional structural strength and is rust 
inhibited. It has a greater covering capacity 
than the average insulation and is unusually 


adhesive to hot or cold surfaces. 


Constant laboratory test assures a uni- 
formly efficient product ... so if you have 
an insulating problem, why not contact 


Kellogg today! 


THE M. W. KELLOGG COMPANY 


Sales Office: 225 Broadway, New York, 7, N. Y. 


Plant: Jersey City, N. J. 


Representatives in: Chicago, lil. + Detroit, A ee: Le 
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HEAT EXCHANGER 
“KNOW HOW” 


In the past few months Downingtown has DESIGN- 
ED AND BUILT units for the following unusual 
duties, in addition to HUNDREDS of heat exchang- 
ers, oil coolers, etc. for simpler applications: 

Cooling complex mixed gases with water + Con- 
densing organic vapors (alcohols, solvents) with 
water « Boiling organic vapors (alcohols, solvents) 
with steam + Cooling methyl alcohol with boiling 
Freon + Cooling complex mixed gases with boiling 
ammonia « Cooling diesel jacket water with crude oil. 





DOWNINGTOWN IRON WORKS 
DOWNINGTOWN, PA. 
_ HEAT EXCHANGERS 














action and shuts. down the pumping sys- 
tem, so that no further ‘gasoline can be 
delivered. 

The separating media can be easily 
and quickly removed whenever it has 
been choked by muck, pipe- scale or 
other debris. Replacement of media, 
available in cartons, is only necessary 
when such debris is encountered and 
sizeable increase in pressure drop is 
noted. 

These separators are built for low 
pressure, medium pressure, or API, 
ASME construction, ranging in capac- 
ities from 25 to 1000 gallons per min- 
ute. In addition, the separator has been 
designed for removing water from 
diesel fuel and kerosine. 


Over-Lay Metal 


KERK-ALOY COMPANY 


Kerk-Aloy Company, Hollywood, 
California, kas developed a new over- 
lay metal called Kerk-Aloy, for use in 
lengthening the life and use of tools 
and machinery. Through its application 
original efficiency is restored to worn 
metal edges, faces and surfaces. 

The metal is said to possess marked 
qualities of bonding, homogeneously: with 
any metal except lead and aluminum, a 
factor which multiplies its value and 
application. It has been used success- 
fully on numerous types of tool and 
machine metal. 

Application is made with an acetylene 
torch or an electric torch and no bond- 
ing fluxes are necessary. 

In hardness, the metal averages 54 
Rockwell C scale. It melts at 1975° F, 
is virtually unaffected by temperature 
changes and is a low-friction metal. 


Drum Opening Tool 
MERRILL BROTHERS 


Merrill Brothers, 36 Caspian Street, 
Maspeth, Brooklyn, New York, has de- 
veloped a drum opening tool which 
operates on the principle of a household 
can opener. The device cuts as it grips 
the outside of the barrel, folding cut 
edges in close to the barrel. The tool is 
especially adapted to opening drums 
used for shipping chemicals, corrosives 
or other materials. 


Welder 
WILSON WELDER AND METALS COMPANY 


Wilson Welder and Metals Company, 
60 East 42nd Street, New York, an- 
nounces that Wilson “Bumblebee” AC 
welders are available in all-weather 
models of 300- and 500-ampere capaci- 
ties. These machines are similar to the 
standard Wilson “Bumblebee” AC weld- 
ers, except that they have special mois- 
ture-proof insulation throughout, and 
all parts are protected by a heavy coat- 
ing of moisture-proof paint. The outer 
case is finished in a durable weather-re- 
sisting enamel and has gaskets an 
louvers designed to prevent entrance 0 
Tain. 

In addition, the all-weather model is 
equipped with a low voltage contactor 
which automatically holds the open cif- 
cuit voltage at approximately 40 volts. 
When the operator strikes the arc, the 
low voltage contactor closes instantly 
and the transformer’s performance 
thereafter equals that of machines not 
similarly equipped. When the arc is eX 
tinguished, this device immediately re 
duces the voltage back to 40 volts. 

In all other respects, these all-weather 
models offer the same features as the 
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“OLD HANDS” | 


at the 
Insulation 
Game 


ANDS like these—skilled, compe- 

tent, experienced—are the hands 
of Armstrong men whose job it is to 
erect low-temperature insulation. They're 
truly old hands at the business for most 
have been in the gaine for many years— 
some more than 35. 


It pays to get skilled men on the job 
because the performance of any insulat- 
ing material depends upon the way it’s 
installed. You can be sure of getting ex- 
perienced men when you come to “Insu- 
lation Headquarters” for all Armstrong 
district offices and distributors are staffed 
with crews of skilled mechanics. 


You can be sure, too; of getting the 
right material, for Armstrong offers a 
complete line of efficient, low-tempera- 
ture insulations—Corkboard, Foamglas*, 
Mineral Wool Board, and Cork Covering. 

Armstrong’s engineers will gladly 
work with you and specify the correct 
material or combination of materials for 
your particular insulating problem. 


For complete information write today 


to Armstrong Cork Company, 


Building Materials Div., 7502 
Concord Street, Lancaster, Pa. 
vuter * Reg. U. S. Pat. Off. Pittsburgh Corning Corp. 
-fé- 
: Corkboard Mineral Wool Board Foamglas* Cork Covering 


e of 


AViPIRY Mit ACP dS A 
Insulation @) Headquarters 
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" Rd “ Reading Mercury gs: 


THERMOMETERS 


There is no time for guessing, for mistakes, for 
waste today. You can always be RIGHT and SURE 
the first time with Palmer “Red - Reading - Mercury” 
Thermometers. Palmers are doing their bit on the 
front in our fighting ships as well as helpina to 
guard America’s health at home. Use Palmer “’Red- 
Reading-Mercury” Thermometers in all processing 
operations. Palmer's battleship construction gives 
you high visibility, dependable accuracy, and long 
life. Write for Catalog No. 300-D. 
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standard Wilson “Bumblebee” — wide 
current range, high electrical efficiency 
improved power factor, and easy main. 
tenance. These welders are distributed 
by Air Reduction Sales Company, with 
offices located in principal cities. 


Explosion-Proof Fixtures 
APPLETON ELECTRIC COMPANY 


Appleton Electric Company, 1734 Wel- 
lington Avenue, Chicago, announces a 
line of explosion-proof fluorescent light- 
ing fixtures for high-hazard areas. 

The fixtures have been tested and ap- 
proved by Underwriters’ Laboratories 
for Class I, group D, and Class I], 
group G installations. They are design- 
ed for two 48-inch, 40-watt T-12 lamps 
completely enclosed and protected by 
flame-resistant glass’ tubes. 


Tubing Flaring Tool 


THE IMPERIAL BRASS MANUFACTURING 
COMPANY 


The Imperial Brass Manufacturing 
Company, 1200 West Harrison Street, 
Chicago 7, Illinois, announces, a flaring 
tool which will make correct double 
flares on all popular sizes of thin-wall 
steel tubing from 3/16 to %-inch for 
S.A.E. flare and inverted flare joints. 
The tool can also be used for making 
single or double flares on copper or 
aluminum tubing. 

The tool is small and can be used in 
very close quarters. It first bells the 
tubing, using an adapter as shown in 
Figure 1, then completed the double 
flare as shown in Figure 2. It can be 
used on soft steel tubing of seamless, 
butt-welded or lap-seam-welded con- 
struction having not over .035 wall thick- 
ness. The complete outfit consists of a 
flaring bar, yoke and five adapters, fur- 
nished in a metal kit. 


Auxiliary Fire Pump 
BLACKMER PUMP COMPANY 


Blackmer Pump Company, Grand Rap- 
ids, Michigan, has developed an adap- 
tation of the standard barrel-mounted 
rotary hand pump for use as an auxil- 
iary fire pump for situations where the 
main plant water system is not immedi- 
ately available. 


Where drums or barrels of water are 
used, a pump is installed on each drum 
and a length of hose with an adjustable 
nozzle attached to the pump. The pumps 
are self-priming and are made in Ca 
pacities from 7 to 25 gallons per minute 
and will develop adequate pressure for 
a 25- to 30-foot stream of water. 


Hand Guard for Welders 


E. D. BULLARD COMPANY 


E. D. Bullard Company, 275 Eighth 
Street, San Francisco, has developed 4 
new “Trigger Finger” guard for ham 
protection in welding. The device com 
sists of a chrome leather palm am 
finger guard to be worn under welders 
gloves. Three soft spongy cleats are 80 
placed on the guard that they protect 
the parts of the hands that are known 
to be vulnerable. 

Either right or left hand guards are 
available. An adjustable /wrist strap 
holds the guard in the correct position 
and makes the guard a universal fit, for 
either men or women. 
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OUNDS easy—and it is easy—for men who 
know both steels and refinery operating con- 
ditions. Whether you need tubes for the process- 
ing of synthetic rubber, for aviation fuel or just 


Steen’ plain gasoline, NATIONAL’s Tube Specialists can 
flaring tell you which of the available grades of steel 
louble tubes will do the best job. 

for To give these men the means of solving vir- 
joints. tually any problem you can name in refinery 
laking tubing, NATIONAL has developed a wide assort- 
ed ment of alloys. Each has properties differing 


soil widely from the others. Each functions best 


ls the under certain known conditions. One of these 
wn in may be the means of keeping your plant at peak 
production or reducing replacement costs. 


Call in the NaTIona Tube Specialist the next 

time tubes come up for discussion. He might be 
os able to save you days of time. And you can rely 
: fur- on his recommendations, too, because he has 
absolutely no interest in promoting one alloy 

over any other; his sole interest is in giving you 

the tubes that will prove best for your refinery 
applications. 


Rap- 

adap- . 
unted New butadiene plant now in operation takes wide variety 
auxil- of seamless pipe and tubing. NaTionaL’s Complete Tube 
e the Service has saved weeks of time in getting plants like 
nedi- these into operation quickly. 
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NATIONAL TUBE COMPANY 


PITTSBURGH, PA. 


United States Steel Export Company, New York 
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CD/FeF blankets fire with an icy 
covering of carbon dioxide. It 
seals out air and snuffs out flame. 
It is swift. It is safe. It is efficient. 


CL/FF is especially recom- 
mended for oil, gasoline, elec- 
trical and chemical fires. It is 
harmless . . . odorless . . . equally 
effective in hot or sub-zero tem- 
peratures. 


-The @2/#ep Carbon Dioxide Fire 
Extinguisher is manufactured by Gen- 
eral Detroit, famous since 1905, for 
fire fighters like Fire Guard, Alaskan 
and Floafome. It is quality mass 
produced for prompt delivery to 
essential users. 


The coupon below will speed addi- 
tional information on G2/Fe9. Mail 
it today! 


THE (JENERAL [)ETROIT (PORP. 


Former Name The General Fire Truck Corp. 


NEW YORK DETROIT CHICAGO 
Distributors in all principal cities 





West Coast Affiliate: The General Pacific 
Corp., Seattle, Los Angeles, San Francisco, 


THE GENERAL DETROIT CORP. 
2222 East Jefferson Ave., 
Detroit 7, Mich. 


1 

cri | 

| 

| 

| SPEED complete details to: | 
I | 
| 

| 

| 


DETROIT 


Name. 











Just attach this convenient coupon 
to your letterhead and mail. 








Marley Company Opens 
District Office at Houston 

The Marley Company, Kansas City, 
Kansas, manufacturer of cooling tow- 
ers and spray noz- 
zles has established 
a new divisional of- 
fice at 2006 Esper- 
son Building, Hous- 
ton, for sales and 
service in the Texas 
Gulf Coast, North- 
western Louisiana 
and Southwestern 
Arkansas. The Com- 
pany’s representation 
in Dallas, Corpus 
Christi, San Antonio 
and El Paso offices 
remain unchanged. 


Ray T. Jenkins, formerly in charge of 
the Tulsa divisional office, heads the 
Houston division. Jenkins joined the or- 
ganization in 1933 and represented the 
company in Dallas for there years be- 
fore assuming direction of the Tulsa 
territory in 1937. 


Arthur D. Little 


Officers Re-elected 

Research developments of the Arthur 
D. Little, Inc., laboratories are in com- 
bat use throughout the world, and dur- 
ing the past year further research was 
conducted on war projects, according to 
the report of Earl P. Stevenson, presi- 
dent of the Cambridge Industrial Re- 
search Organization, at its annual meet- 
ing on January 26. The meeting espe- 
cially noted the completion of 25 years 
of service by Stevenson and 35 by 
Roger C. Griffin, vice president, who 
has been a director for 20 years. 

The company’s officers, all of whom 
were re-elected at the meeting, are Earl 
P. Stevenson, president; Raymond Stev- 
ens, Thorne L. Wheeler and Roger C. 
Griffin, vice presidents; Henry G. 
Powning, treasurer; Frank N. Hough- 
ton, secretary, and Russell H. Stephens, 
comptroller. Directors for the coming 
year are: Earl P. Stevenson, Henry G. 
Powning, Roger C. Griffin, Horace S. 
Ford, W. Cameron Forbes, Randolph 
C. Grew, Royal Little, Charles E. Spen- 
cer, Jr., and Alexander Whiteside. 





R. T. Jenkins 


Buffalo Foundry Buys Dopp 
Kettle Manufacturing Rights 

The entire line of “Dopp” kettles, 
formerly built by Sowers Manufactur- 
ing Company, has been acquired by 
Buffalo Foundrv & Machine Company, 
which will continue production as an 
addition to its own line of process ket- 
tles. The engineering and sales person- 
nel have been retained. 


Brandt Joins Pennsylvania Salt 
Heavy Chemicals Division 

L. H. Brandt, formerly with National 
Ammonia Division of du Pont, has joined 
the technical service department of 
Pennsylvania Salt Manufacturing Com- 
pany, Philadelphia. Brandt, a native of 
Ironton, Ohio, was educated at Denison 
University and Ohio State, receiving the 
degree of B.Ch.E. from the latter insti- 
tution in 1929 and his Ch.E. in 1938. Dur- 
ing his service with du Pont’s National 
Ammonia Division, which covered a pe- 
riod of more than 10 years, he has been 


x BUSINESS NOTES x 


prominently identified with ammonia 
and other heavy chemical utilization jp 
the fields of refrigeration, oil refining, 
and heat treating. Prior to that he spent 
a brief period with The Atlantic Refin- 
ing Company and the chemical depart- 
ment of what was then du Pont Am- 
monia Corporation. He is the author of 
numerous engineering articles on am- 
monia. In his new position, his services 
will be principally devoted to rendering 
assistance to heavy chemical users, it 
was said. 


The Meriam Company Adds 
‘‘Instrument”’ to Corporate Name 

The new name is The Meriam In- 
strument Company—formerly The Me- 
riam Company—of Cleveland, Ohio, 
The same management continues. 

The change has been made in order 
that the new name may indicate the 
business of the company — instruments: 
manometers, draft gauges, inclined tube 
flow meters, liquid-level gauges, and 
other instruments for measuring pur- 
poses. Organized in 1911, the company 
is the largest in its field. 

Recent expansion in business has re- 
sulted in moving to 10920 Madison Ave- 
nue, where offices and plant are located 
in a large, modern multi-storied build- 
ing, which affords outstanding operat- 
ing facilities. 


Richardson Named Vice President 
Hycar Chemical Company 

W. S. Richardson, general manager 
of the chemicals division of The B.«F. 
Goodrich Company, has been elected 
vice president of Hycar Chemical Com- 
pany in addition to his duties with 
Goodrich. He succeeds Raymond W. 
Albright who recently resigned to be- 
come vice president and general man- 
ager of Distillation Products, Inc., of 
Rochester, New York, 

Richardson entered the rubber indus- 
try in 1914 and joined The B. F. Good- 
rich Company in 1926 on the staff of the 
works manager. In 1942 he was made 
general manager of industrial products 
and sundries sales division and earlier 
this year was named to head the com- 
pany’s chemicals division. 

Hycar Chemical Company, organized 
in 1940 by Phillips Petroleum Company 
and The B. F. Goodrich Company, en- 
gages in the manufacture and sale of 
synthetic rubbers and is rated the largest 
private producer of butadiene-type syn- 
thetic rubber in the United States. 


Ludwig Assigned New 
Duties With Westinghouse 

Leon R. Ludwig, formerly head of the 
company’s circuit breaker and protec- 
tive devices division, has been named 
manager of the motor 
division of Westing- 
house Electric and 
Manufacturing Com- 
pany. Holder of more 
than a score of pat- | 
ents, Ludwig worked § 
with Dr. Joseph 
Slepian, associate di- 
rector of the West- 
inghouse Research® 
Laboratories, to. de- j 
velop the Ignitron, a 
power tube which 
converts alternating 
current into direct 
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EL valves—both cast and forged steel—are all 
that Edward builds. No brass, no bronze, no 
iron—nothing but steel. And nothing but valves. 

But when it comes to steel valves, the Edward line is 
extraordinarily complete. For instance... 

Stop Valves—From little 4 in. valves you can hold 
in the palm of your hand, to giant 14 in. valves that 
weigh five tons. They're built in both globe and angle 
designs, and with other construction modifications 
depending upon service requirements. 

Check Valves—Both shock-minimizing Edward lift 
type piston checks and ball checks—ideal for viscous 
fluids. The size range is 4 in. to 14 in. 

Non-Return Valves—aAll sizes, globe and angle. 
On the large ones, the famous patented Edward 
Impactor handwheel and EValthrust yoke bushing are 
standard. And on all sizes, streamlined flow passages 
and exclusive Edward guiding principles cut pressure 
drop to minimum. 

Blow-Off Valves—Slow opening type, engineered 
to stay tight after cooling and protected against erosion 
and corrosion. Straightway and angle, for any feasible 
piping arrangement. 
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Relief Valves—Forged steel, EValloy stainless steel 
seat and ball disk, sizes 14 in. to 2 in. Factory set for 
accurate relieving at specified pressure. 

Strainers—Protect traps, valves, regulators, pumps, 
etc., against dirt and foreign matter. Forged steel, 
Monel metal screen, sizes 14 in. to 2 in. 

Intex Valves—lIntegral seat globe valves, '4 in. to 
2 in., for the really tough jobs and the not quite so 
tough jobs where you want a valve that will last and 
last and last. Disk and integral seat are Stellite. 

Other Valves—Such as feedline stop-checks (screw- 
down and separated), hydraulic valves, gage valves, 
instrument valves, etc., for every service where steel 
valves should be used. 

The Edward line covers the whole steel valve tem- 
perature-pressure range . . . for pressures from 150 
lb to 6000 lb, and for temperatures up to 950 F. 

Write for catalogs and descriptive bulletins. It pays 
to know the Edward steel valve line. 


THE EDWARD VALVE & MFG. CO., INC. 
2 West 145th St. © East Chicago, Indiana 
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Dependable 


PROCESS | 
TIME CONTROL 


ystems 





The illustrated Time Controls (largest built!) 
represent only a few of the ATC Timers now 
controlling 100-Octane Gasoline and Butadiene 
processes. For accurate control of sequence 
and duration of from 1 te 1000 consecutive and 
everlapping machine or process functions, 
imvestigate the ATC Line. Complete standard 
Mme of Industrial Time Controls, as well as 
Systems fer special requirements, built te 
““specs’’ or entirely factory-engineered. 





AUTOMATIC TEMPERATURE 
CONTROL COMPANY, INC 
LOGAN STREET, PHILA. 44, PA 





current, He succeeds R. W. Owens, 
resigned. 

A native of Kansas City, Ludwig was 
graduated from the University of Illinois 
in 1925 with the degree of bachelor of 
science in electrical engineering. In the 
same year he joined the Westinghouse 
graduate student course and has been 
with the company since then except for 
the academic year 1929-30 when he 
studied at the University of Berlin, Ger- 
many, as recipient of the first Lamme 
Memorial Scholarship. 





H. K. Porter Company 
Enlarges New York Office 

The opening of an enlarged New York 
and export office at 50 Church Street, 
New York, has been announced by H. 
K. Porter Company, 
Pittsburgh. The new 
office will serve as an 
eastern center for the | 
Company’s line of @ 
locomotives, process 
equipment and 
pumps. 

Thomas MacLach- 
lan has been named 
general manager in 
charge, and is also 
directly handling lo- 
comotive sales and 
service for the east- Thomas MacLachlan 
ern seaboard. Mac- 

Lachlan was formerly New York man- 
ager of Vulcan Iron Works. 


R. G. Newell, who managed the New 
York office of Quimby Pump Company 
before its acquisition by Porter, is di- 
recting activities of the Quimby. Pump 
Division in New England and the New 
York district, from the new office. Earl 
M. Bardo, formerly with Robinson Man- 
ufacturing Company, is headquartered in 
the same office, representing Porter 
chemical process equipment for the same 
territory. The company’s export de- 
partment also has been housed at the 
50 Church Street address. 

Additional district and regional offices 
are in process of being established 
throughout the country, W. W. Calihan, 
general sales director, said in making 
this announcement. 





Fick Advanced to Vice President 
Of Timken Roller Bearing 

John E. Fick, superintendent of The 
Steel and Tube Division of The Timken 
Roller Bearing Company, Canton, Ohio, 
has been advanced to vice president in 
charge of the same division, and E. S. 
Hoopes, Jr., assistant general superin- 
tendent, has been appointed general 
superintendent of the division. 

As an undergraduate at Ohio State 
University, Fick spent his summers 
working in various departments at Tim- 
ken; and joined the firm upon his gradu- 
ation in 1921, In 1922 he entered the 
metallurgical laboratory; in 1925 he be- 
came assistant metallurgist; in 1928, as- 
sistant superintendent of the Steel and 
Tube Division; and in 1937, general su- 
perintendent. 

Hoopes went to Timken in 1932 as a 
steel sales representative, after three 
years spent in industrial engineering at 
the Union Drawn Steel Company, Beaver 
Falls, Pennsylvania. He is a graduate of 
The Pennsylvania Military College and 
The Harvard Graduate School of Busi- 
ness Administration. 

Walter G. Hildorf, who recently be- 
came director of metallurgy of The 











































SCRAPER TREAD OF 
BATES-GRATES 


OPEN STEEL FLOORING 
GIVES THE 


COMBINATION OF 
SAFETY AND 


CLEANLINESS 
YOU WANT IN OPEN 
STEEL FLOORING 











O This extra cleanliness and 
ti safety come with the use of 
welding technique that, for 
years, has been recognized as the correct 
method to follow—a simple fillet weld. 





There is no burning and no over- 
flow of surplus metal around the fillet 
into which is press-welded Bates Hex 
Bar Stock. You get top strength and 
rigidity in steel flooring that permits 
the maximum passage of air and light. 























Write for copy of 
well-illustrated, 
8%" x 11" CATA- 
LOG NO. 43-44. It 
gives complete 
data on fillet 
welded Open 
Steel Flooring 
and Stair 

Treads, 
















WALTER BATES COMPANY, INC. 
JOLIET + ILLINOIS 
OPEN STEEL FLOORING + STAIR TREADS 
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Never-failing DEPENDABILITY is characteristic of the WILFLE Mgand pump. It's 


a dependability born of years of engineering experience appliedmto centrifugal 


pumps. Exclusive features of design and construction embody HIGHBEFFICIENCY 
features of proven merit. The WILFLEY is a “three-shift” performer Mou can count 
on to keep sands and slurries moving ‘round the clock for monthsf/)n end. Heavy 
pumping parts of rubber, alloy iron, alloy steel— whatever materi@ works best on 
YOUR job. All applications individually engineered to your efact requirements. 


Write or wire for complete details. 


A. R. WILFLEY Be SON Ss, inc., Den#er, Seteena U.S.A. 


NEW YORK OFFICE: 1775 Broadw@y, New York City 
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TROUBLE-FREE PARTS 


NO SPRINGS! NO CLIPS OR KEYS! 


ROYAL CROWN PUMP VALVES 
were designed upon an entirely new 
principle—a discovery founded upon the 
theory that a rigid guide in a pump valve 
is not capable of resisting the violent 
flexing side pressures of the fluid in the 
pump chamber without excessive wear 
and early failure of the valve itself. 


For this reason, the Royal Crown valve is 
guided by a frictionless ball stem which 
allows the valve to oscillate and turn at 
the will of the fluid stream. The Royal 
Crown valve is a section of a true sphere 
and seats perfectly in any position. There 
is no resistance to the fluid—it turns and 
swings freely with each pump stroke. 


A wide range of sizes for either thread- 
or press-fit is available in any alloy metal. 
Extreme temperatures or pressures can- 
not reduce its efficiency. Write for cata- 
log or see your dealer. 


HOWARD SUPPLY CO., CALIF. 
L. B. STANLEY, HOUSTON, TEXAS 


HUNTINGTON PARK, CALIFORNIA 


j ig nS . jy : Y, 





Timken Roller Bearing Company, is the 
first to occupy that office. 

Hildorf, metallurgical veteran of 35 
years’ experience, who “worked his way” 
through Michigan State College via a 
machine shop, is nationally known for 
his numerous articles and lectures on 
many metallurgical subjects. He joined 
Timken in 1928, after 20 years’ experi- 
ence with such firms as Copper Range 
Consolidated Mining Company and Reo 
Motor Car Company. For three of those 
years, from 1917 to 1920, he was first an 
instructor and later an associate pro- 


fessor in the metallurgical department 


of Michigan State College. 


Lukens Steel Appoints 
New Washington Representative 
Pinkney W. Love has been appointed 
manager of the Washington, D. C., 
office of Lukens Steel Company and 
subsidiaries, By-Products Steel Corpora- 
tion and Lukenweld, Inc., 911 Invest- 
ment Trust Building, 15th and K streets, 
Washington 5, He succeeds Charles A. 
Carlson who is resigning to establish his 
own business for the manufacture of the 
Carlson internal combustion engine. 
For the past several years, Love has 
been a special representative for Lukens 
in Washington, D. C. 


Johnston & Jennings Company 


Names Chicago Representative 

The Oceco Division of The Johnston 
& Jennings Company, Cleveland, Ohio, 
has announced appointment of General 
Meters & Controls Company, 205 West 
Wacker Drive, Chicago, as representa- 
tives in the Chicago territory. 


Tube-Turns and Girdler 
Have New Advertising Manager 
Tube-Turns and Girdler Corporation, 
Louisville, Kentucky, announce the ap- 
pointment of Gene Wedereit as advertis- 
ing manager. Formerly vice president, 
and director of creative service with the 
E. F. Schmidt Company, of Milwaukee, 
Wedereit went to Louisville recently as 
a result of his work in the designing and 
production of Tube-Turns’ 240-page 
catalog. Walter Girdler, Jr., formerly ad- 
vertising manager, is now director of 
personnel. 


Philadelphia Gear Works 
Makes Personnel Changes 

James N. Morrell has been appointed 
sales manager of Limitroque Valve Con- 
trol Division of Philadelphia Gear Works, 
and will have Thomas V. Withington as 
his assistant. The latter has been chief 
engineer and is succeeded in that position 
by William F. Plume and Robert E. Rich- 


ards is assistant chief engineer. 


Brown School Will Stress 
Electronic Potentiometer 

A new industrial instrument mainte- 
nance and repair course has been started 
by the training school division of The 
Brown Instrument Company, Philadel- 
phia, Pennsylvania. Changes have been 
made in the general outline of the 
course, especially that having to do 
with instructions in the two types of 
potentiometers, mechanical and elec- 
tronic, The two types will be treated as 
separate subjects to make it easier for 
students to absorb the basic principles of 
each, and to meet the requirements of those 
customers who send students to the school 
for the specific purpose of receiving con- 
tinuous balance instrument instruction. 

The new classes will extend to April 





AS THE 
YEARS ROLL ON 


There is a generous amount of thoroughly 
dependable reliability in every Layne Well 
Water System ever built! In the postwar 
years to come, that outstanding feature will 
be greatly appreciated by thousands of 
municipal and industrial executives. Even dur- 
ing the most strenuous days of war emer- 
gency, Layne quality was rigidly maintained. 


There is more to a Layne Well Water 
System than reliability. In efficiency, they 
are beyond comparison. They lead the world 
in records of long life. Maintenance cost, 
year in and year out, is only a minor item, 


Layne Well Water Systems are today serv- 
ing the world's greatest cities, manufacturers, 
war plants, railroads, mines, naval stations, 
ship yards and training camps. In thousands 
of cases, both in this land and in foreign 
countries, they have met and far surpassed 
the most rigid requirements in quality, effi- 
ciency and low operation cost. 


If your post war plans call for the use of 
more water, Layne engineers will gadly co- 
operate in providing valuable recommenda- 
tions. For literature, address Layne & Bowler, 
Inc., General Offices, Memphis 8, Tennessee. 


AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart, Ark. * Layne-Atlantic Co., Norfolk 
Va. Layne-Central Co., Memphis, Tenn. 
Layne-Northern Co., Mishawaka, Ind. * 
Louisiana Co., Lake Charles, 

Well Co., Monroe, La. - 

New York City * lLayne-Northwest Co., 
waukee, Wis. * Layne-Ohio Co., Columbus, Ohio 
* Layne- Co., Houston, Texas *_ Layne- 
Western Co., Kansas City, Mo. * Layne-Western 
Co. of Minnesota, Minneapolis, Minn. * Interna- 
tional Water Supply Ltd., London, Ontario, Canada 


WELL WATER SYSTEMS 
DEEP WELL PUMPS 


BUILDERS OF WELL WATER SYSTEMS 
FOR INDUSTRIES AND MUNICIPALITIES 
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| dur- 

ae AL-curve corrugations and DIRECTED FLEXING give 

va Badger Packless Corrugated Expansion Joints even-flexing 

ps performance that is simply unattainable with corrugations 

an having straight sides, angles or “junctions.” 

cost, With the support of Badger Equalizing Rings, Badger ALL- 

tom, CURVE corrugations absorb stresses uniformly over a maximum 

serv- area. These rings—with contacting surfaces likewise “‘all-curve”’ 

a: —not only direct the flexing, but prevent excessive flexing by 

a keeping it within prescribed limits. No early weakening of metal 

aa structure from heavy or localized stresses! BADGER CORRUGATIONS 

assed Packless design. One-piece construction of the corrugated are produced under a special Badger forming 

member—from a single piece of Copper or Stainless Steel tub- process that minimizes forming stresses. 
ing—provides an additional means of efficiency and economy An exclusive Badger-controlled heat-treat- 

oi ‘ : ? : ; ; ment preserves the flexing characteristics 
of inestimable value. . . . No packing maintenance is required of the metal. Made for both normal and 

fr —and consequently no manholes are needed for that purpose higher pressures; with one or multiple cor- 


>wler, 
ossee. 


in underground construction. 


Compact, too! No wasted space —since Badger Joints take 
up no more room than a comparable flanged fitting. Many 
years’ experience in working sheet metals contributes further 
to making Badger Directed Flexing Packless Expansion Joints 
the most durable and dependable products of their kind! 


E. B. BADGER & SONS CO., 75 Pirts St., Boston 14, Mass. 
AGENTS IN PRINCIPAL CITIES 


rugations—for traverses ranging from small 
fractions of an inch to any practical limit; 
with flanged or welding-end nipples; in 
Self-equalizing (with rings) or Non-equal- 
izing (ringless) type; in Copper, Stainless 
Steel or other metals to meet various con- 
ditions of temperature, pressure and 


corrosion. 
. a es 


FREE BULLETINS: No. 100 on Self-equaliz- 
ing; No. 200 on Non-equalizing. Ques- 
tions cheerfully answered; requirements 
analyzed. No obligation. 











@ IF IT’S BADGER-MADE 
It’s GOT SOMETHING! . 





Badger 
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SIX WAYS TO 
SAVE TIME! 


If you’ve been losing valuable 
productive time on any or all 
of the six jobs listed below, 
call upon our nearby ‘Technical 
Service Representative. He will 
point out how a surprising sav- 
ings in time can be effected by 
using specialized Oakite ma- 
terials that save man - hours; 
minimize equipment down- 
time, do this work FASTER: 


1. Cleaning Heat Exchangers 

2. De-Scaling Diesel Engines 

3. Cleaning Lube Oil Coolers 

4. Salvaging Valves, 
Fittings, Piping 

. Cleaning Filter Presses 

Cleaning Tank Car 


Interiors 


ou 


Write today for helpful data 
on any one of these 6 jobs 
you're interested in doing 
quicker, easier, better! 


OAKITE PRODUCTS, INC. 
S08 Thames Street, New York 6, N.Y. 
Technical Service Representatives Located in All 
Principal Cities of the United States and Canada 








26. Millivoltmeter type pyrometers will 
be studied from February 1 to 18; me- 
chanical potentiometer type potentio- 
meters, from February 21 to March 8; 
continuous balance (electronic) poten- 
tiometers, March 9 to 16; electrically 
operated automatic control, March 17 to 
23; flow meters, March 24 to April 3; 
thermometers, pressure gauges and hy- 
grometers, April 4 to 11; air-operated 
automatic control, April 12 to 20, and 
resistance thermometers and tachome- 
ters, from April 21 to 26. 


Lilley Will Develop Sales 
For Timken Tube Division 


H. B. Lilley, formerly assistant chief 
inspection engineer, has been promoted 
by the Steel and Tube Division of The 
Timken Roller Bearing Company to 
sales development engineer. He will spe- 
cialize in the application of mechanical 
tubing to machine-tool products and 
other engineering applications. 

Lilley graduated from Carnegie In- 
stitute of Technology as a mechanical 
engineer in 1924 and has been em- 
ployed by The Timken Steel and Tube 
Division in various capacities connected 
with the inspection of tubular products. 
In recent years, he has specialized in the 
development of tubing applications to 
the aircraft industry. 


Bethlehem Supply Company 
Handling Bridgeport Tubing 

Emergency stocks of Bridgeport con- 
denser tubes are maintained at some of 
the stores of Bethlehem Supply Com- 
pany, it has been announced in connec- 
tion with the announcement that the 
latter company has been appointed a 
sales representative of Bridgeport Brass 
Company in the sale of condenser and 
heat-exchanger tubing. 


Osmer and McKinney Join 


Girdler Corporation 

Gas Processes Division, of Girdler 
Corporation, Louisville, Kentucky, an- 
nounces Leon E. Osmer and Melvin H. 
McKinney as engineers who have re- 
cently joined the organization. Osmer, a 
native of Iowa, has been with Semet 
Solvay Engineering Corporation since 
1924. McKinney, a native of Texas, has 
been with Lago Oil & Transport Com- 
pany, spending much of the time since 
1930 in Aruba. Since American entry 
into the war he has been with Dow 
Chemical Company and Sinclair Rubber 
Company. 


Titeflex Incorporated Is 


Company’s New Name 

Titeflex Metal Hose Company of 
Newark, New Jersey, will hereafter be 
known as “Titeflex, Inc.” The change has 
been announced by Elbert E. Husted, 
president of the company. 

The change of name to Titeflex, Inc., 
has been made with the realization that 
“Titeflex Metal Hose Company” is no 
longer descriptive of all the products 
manufactured by the company. 


Beadle Heads Sales 
For Naugatuck Chemical 

Harold I. Beadle has been appointed 
sales manager for new products of 
Naugatuck Chemical Division, United 
States Rubber Company, and will handle 
sales of new _ synthetic rubbers and 
plastics and developments in other 
chemical fields being explored by the 
























WANTED 
Liquidation Projects 


NONE TOO LARGE OR SMALL 


Liquidate your surplus 





equipment now. 


WE BUY 


Refineries, Gasoline Plants, Pipe 
Lines, Tanks, Valves and Fittings, 
Pumps, Towers and Vessels 


Wire — Phone — Write. 


UNION AVE. AT 21st STREET 
TULSA, OKLA. 








HYDRAULICS 


AIR 
COMPRESSORS 


mecaeeemen 1650 Pgs., 1654 Illustrations » 
Size 5x 6% x 144—Fully Indexed 


For Ready Reference including 


QUESTIONS AND ANSWERS” 


This Book Covers a Long Felt 
Need for One Inclusive Volume 
dealing with the whole field 
modern Pumps, Hydraulics, Al 
Compressors and the many 
that tie in. Easy to und 

To get this assistance for y 

PAY SBA simply fill in and mail 
ONLY MO. COUPON today. 
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AUDEL, Publishers, 49 W. 23 St., New York 10 
Rr re en ene 
in 7 devs nd $1 monthly antil the $4 is paid, Otherwise | 
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.. PACIFIC | 


WHEREVER OIL IS PRODUCED 
... GO PACIFIC PUMPS 


Part of a shipment of more than 300 Pacific For 20 years, Pacific precision pumps have spoken the lan- 

Pumps leaving for overseas duty; destination, guage all oil men, regardless of nationality, understand .. . 

@ military secret. “Uninterrupted, efficient performance with long years of eco- 
nomical service.” 


On duty in refineries, on pipelines, in bulk plants, wherever 
oil, hot or cold, is centrifugally pumped—where conditions 
are toughest and pumps take a beating—there you'll find 
Pacifics, giving more than was bargained for and at lower 
maintenance costs. 

And now in wartime, when flow must be speedier and more 
constant, to keep our fighting ships in the air, Pacific engi- 
neered design and construction are doubly recognized and 
demanded. 


That's why Pacific is devoted 100% to war production. That's 
why shipment after shipment of Pacific Pumps are moving in 
ever increasing numbers, to oil centers around the globe. 


If you can buy Pacific pumps today or are planning future 
requirements, remember “Pacific has the ability and backing 
to carry through.” 


PACIFIC PUMP WORKS 


Executive Offices and Plant: Huntington Park, California * Export Office: 30 

Poe} 2 Rockefeller Plaza, New York * Sales and Service: Offices in principal cities in the 

rer aneteenchare ar i eo United States * Affiliated Companies: Dresser Manufacturing Co., Bradford, Pa.; 

® ating ail red Also m4 + tr * He oil wells Clark Bros. Co., Inc., Olean, N. Y.; The Bryant HeaterCo., Cleveland, O.; Van der 

ber wells. utility o 4 i. m Fae fas ’ Horst Corp. of America, Cleveland, O., Olean, N. Y.; Bovaird & Seyfang Mig. Co., 
, Utility and synthetic ru — Bradford, Pa.; Dresser Manufacturing Co., Ltd., Toronto, Ont., Canada. 
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company. Beadle graduated from  drous hydrogen chloride are used an. 
S M @) ©) T + ms @) N Massachusetts Institute of Technology  nually. It serves as a catalyst in high. 
in 1923 with a degree in chemical engi- octane gasoline manufacture and HC] 
Ww EPA IR A is neering, ag? i roy as by consulting gas is pie ng a es of neo- 

engineer in New York City for six years, prene synthetic rubber. Quantities also 
RECORDS worn Bo a doing research in Calbaines derivitaves 

ay and compounds. In 1929 to 1940, he was ae 

employed by Tide Water Associated 
Oil Company as product development INDU L 
engineer, and later — Pacing 
tive in charge of sales throughout New 
England. He later joined the Commer- PACKINGS Eto TELIEY 
cial Investment Trust, Inc., in charge of 
engineering investigations in Pennsyl- 
vania, New Jersey, Maryland, and 
Virginia. 
geass Dr. C. A. Getz Director 


THIS SERIES 


OF SMOOTH-ON SAVINGS Of Research for Cardox 
Dr. Charles A. Getz, director of the 
Ps tcaba ge soges of a ee 
i “ . icago, has been elected to fill the 
This SMOOTH-ON repair, like newly created position of vice president 
many others, has saved the ex- in charge of research of that company. ; 
It is especially recommended for 


Dr ! 
pense and delays of replacing cost- egy. be begpengiing he gris: aap H.P. Steam. Style 1100, ring, and 


scientific circles as an active member of ee, 1i0i Spiral. oo 
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Formed of interlocked bearing metal 


LEAD INSERT PACKING iv 
dowels in an asbestos channel. The Bo 


‘ 


staggered dowels form a pressure 
tight wearing surface against all 
types of rods in high pressure work. 








ly equipment. These two important | such organizations as the American Pg Write or wire: 


TH- Chemical Society, Electrochemical So- Sterling Packing & Gasket Co., Inc., 
benefits have made SMOO ON ciety and the Special Extinguishing Sys- 1701 Nance, Houston, Texas 


a repair necessity in thousands of | tem; Committee of the National Fire 


plants all over the country for -Sagaer ame gree spe gge As a result = 

is scientific work at the University o 
almost half a comury. Illinois and at Cardox Corporation, he 
Today, a third important cons | is recognized as an authority on carbon 


sideration . . . war-time conditions Sctlueaithts tae its application to fire 
. - » makes SMOOTH-ON even 

more of a plant necessity. You | Du Pont Announces New 

must repair what you can’t re- | Hydrogen Chloride Process 


place, and SMOOTH-ON provides A new process for producing anhy- 66 “4 
¥ drous hydrogen chloride which offers 
an economical, convenient and ef- | definite advantages over other known ag e 











fective method of stopping leaks | methods was announced today by Gras- 
selli Chemicals Department of the E. I. 


and sealing cracks - at 4 Sameee du Pont de Nemours and Company to 

and pipe lines, and tightening | aviation gasoline and synthetic rubber PLA TI 

loose parts of apparatus, fixtures, manufacturers as well as makers of 
vinyl chloride and synthetic resins. 


ete. So be prepared . . . always Employing chlorosulfonic acid, the IN S U LAT j ON 
keep a can of SMOOTH-ON handy. recently patented process produces an- 


hydrous hydrochloric acid greater than 


Buy SMOOTH-ON in 99 percent purity without explosion % fll Purpose Insulation: This 
7-08., 1-lb., or larger con- hazard. This is done so simply that . : : 
tainers from your supply only a single control is necessary. In- plastic can be applied to virtually 
house, or if necessary, stallation requires only standard mate- any type of heated equipment. It 
from us. For your protec: rials of construction involving a lower 8 ON : 

tion, insist on SMOOTH- investment than other methods. Addi- forms monolithic insulation over 
ON, used by engineers tional advantages include a low oper- both regular and irregular surfaces. 


ating expense and production of a us- 
able by-product, sulfuric acid. 
The Grasselli Chemicals Department 


is offering technical and engineering T INDUSTRIAL INSTLATORS 
service to interested manufacturers and & he 
refinery construction engineers. 

Increasingly large amounts of anhy- 


and repair men for over 
49 years. 














HOUSTON, TEXAS * SHREVEPORT, LA 





REPAIR HANDBOOK 
SHOWS HOW 


40 pages, 170 diagrams, 
and simple concise instruc- 
tions for practical repairs 
to plant equipment, pipe 
lines and structures. A ne- 
cessity in every plant. Your 
copy sent FREE if you fill 
in and return the coupon. 


























A Congas Ei of 
Taylor ‘LABORATORY GLASSWARE 


instruments APPARATUS AND REAGENT 
FOR INDICATING @HIEMICALS CARRIED IN STOCK 


ee ee RECORDING AND 


ee Se ee a iy ON OA 
INDUSTRIAL SCIENTIFIC INC. 


AND LIQUID LEVEL 
A PERSONAL SERVICE ORGANIZATION 


* 
enncenidtnetnesnntenteennteiemeemeenale ee 
B. H. WILSON ROY O'NEILL FRED WELLBORN 


The Iron Repair Cement of 1000 Uses FT. WORTH AND HOUSTON 






















SMOOTH-ON MFG. CO., Dept. 11 
Communi: Ave.. Jerse a 643. i 
Please send SMOOTH-ON HAND OOK 
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@ Miles of Anaconda Condenser Tubes are included in this general view 


of the Sun Oil Company’s newest 100 octane aviation gasoline plant. 


In this ultra-modern plant supplying super power to American and 


allied bombers and fighters overseas, Anaconda Products were selected for 


critical, corrosion-resistant service, to add long life to efficiency. 
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. Kill existing algae (all types). 

Prevent future growth of algae. 

. Inhibit Corrosion. 

. Prevent scale formation. 

. Slowly remove scale and corrosion 

now in system. 

. Adaptable to filtration or “sludge” 

settling. 

. Simple color test for correct pro- 
portioning of chemicals (adaptable 
to automatic photo-electric pro- 

tioners). 

8. PH control. 

9. Manufacturers’ laboratory service. 

0. A 100% chemical compound. 
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Write... Wire... Phone 


CHEMICAL COMPOUND CO. 


2911 RUSK AVE. P. 0. BOX 2222 
Se es a ae 




















If you need condenser or heat ex- 
changer repairs in a hurry call us. We 
specialize in fast, high quality work. 


25 Years Successful Experience 





“BAKORINGS”’ 


SAVE LINERS 


Plastic material of these piston rings is practically 
self-lubricating, hence temporary loss of lubricant 
will not affect life of liners or rings. Plastic allows 
it and scale to become embed saving liners 
abrasive scraping. 
Basic material made by General Electric Co. 


Leading companies find Bakorings save money. 


Quick Delivery . . . Write for 
Folder and Prices 


* 
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are needed in making vinyl chloride and 
certain synthetic resins. 

The new process yields two pounds 
of 66° sulfuric acid, or a weaker sul- 
furic acid if desired, per pound of anhy- 
drous hydrochloric acid. Though the 
cost of chlorosulfonic acid exceeds that 
of sulfuric, about five times as much 
of the latter is required for the common 
sulfuric-muriatic process from which the 
weak acid by-product is normally 60°. 
More production of anhydrous hydro- 
gen chloride, therefore, can be obtained 
by the new process with equivalent 
equipment installation. 

The explosion hazard present when 
hydrogen and chlorine are burned to 
produce anhydrous hydrogen chloride 
is avoided. A_ negligible amount of 
power is required in the new process, 
which does not demand a full-time op- 
erator. The occasional adjustment of a 
single valve is all the control needed. 

The du Pont anhydrous hydrochloric 
acid process has already been used sat- 
isfactorily in plant operation. Inquiries 
should be addressed to E. I. du Pont de 
Nemours and Company, Grasselli 
Chemicals Department, Wilmington 98, 
Delaware. 


Kieley & Mueller Appoints 
Two Sales Representatives 

Kieley & Mueller, Inc., North Bergen, 
New Jersey, has appointed the F. L. 
Murdock Company of Tulsa, as exclu- 
sive sales representative in Oklahoma 
and Daniel Orifice Fitting Company of 
Houston for Texas and Louisiana. 


Hooker Electrochemical Moves 
Trimble to New York Office 

Hooker Electrochemical Company 
announces the assignment of Thomas 
H. Trimble as its sales representative in 
the Eastern Middle Atlantic territory 
with headquarters at the New York of- 
fice, 60 East 42nd Street. Trimble has 
been associated with the sales depart- 
ment for eight years, chiefly in the Up- 
per New York state and Western Penn- 
sylvania territory. 





MERIT AWARDS 














Awards of merit have been made by 
the government to the following com- 


panies: 

The Amarillo and Exell Helium 
Plants, Amarillo, Texas, operated by 
the Bureau of Mines, Petroleum and 


Natural Gas Division, the Army-Navy 
E for high achievement in production 
of war materials. 

The Augusta (Georgia) Works of the 
Refractories Division of Babcock & 
Wilcox Company a second Army-Navy 
E renewal for meritorious services on 
the production front. 

The Barberton Plant of The Babcock 
& Wilcox Company, a third star for 
its Army-Navy E Pennant for main- 
taining high standards of achievement. 

Blaw-Knox Company, Pittsburgh, an 
award, accepted on behalf of the Amer- 
ican synthetic rubber industry, made by 
the 1943 Committee of Award for 
chemical Engineering achievement. 

The Cooper-Bessemer Corporation, 
Grove City, Pennsylvania, and Mount 
Vernon, Ohio, a second gold star to 
be added to the Maritime M Pennant, 
for continued achievement in complet- 
ing wartime schedules in the manufac- 
ture and delivery of merchant ship com- 
ponents. 

De Laval Steam Turbine Company, 





Trenton, New Jersey, third renewal of 
its Navy E Burgee made for merito- 
rious service on the production front, 

Hanlon-Waters, Inc. Tulsa, an 
Army-Navy E production award. 

Homestead Valve Manufacturing 
Company, Coraopolis, Pennsylvania, a 
second gold star to be added to the 
Maritime M Pennant, for continued 
outstanding production of valves for 
Liberty Ships. 

Hooker Electrochemical Company 
Niagara Falls, New York, a second 
_ star to add to the Army-Navy E 
ag. 

Manhattan. Rubber Manufacturing 
Division of Raybestos-Manhattan, Inc. 
Passaic, New Jersey, the Army-Navy 
E for excellence in production received 
on the day of its Golden Anniversary. 
_ Maxim Silencer Company, Hartford 
Connecticut, a renewal of the Army. 
Navy E Award for continued excel- 
lence of production and output, and the 
Treasury T and Star to add to its 
Minute Man Flag. 





The Rochester plant of Pfaudler 
Company, under the sponsorship of the 
Chemical Warfare Service, the Army- 
Navy E for high achievement in the 
production of glass-lined steel proces- 
sing equipment for war industries, 
The Society of Automotive Engineers, 
in New York City, the first United 
States Army Ordnance Distinguished 
Service Award “in recognition of out- 
standing and meritorious engineering 
advisory services in war and peace; in 
design and manufacture and mainte- 
nance of ordnance materiel.” 

The Philadelphia Division of Yale 
& Towne Manufacturing Company, the 
Army-Navy E for production excel- 
lence. 


FRASER-BRACE ENGINEERING 
COMPANY, INC. 


Design, construction and installation 
of complete plants and projects 


Mechanical, Heavy Industries, Shipbuilding, 
Hydro. Glectrte Developments, fm Plants, 
Chemical and Refining Plants, Process Industries, 
Metallurgical Developments and Processes, Ex- 
losives, Plastics, Water Supply and Treatment, 
wage and Industrial Wastes Tremimant. 





Reports - Appraisals - Consulting 


10 EAST 40th STREET 
NEW YORK 16, N. Y. 








FOR SALE: Two 250 H.P. Vogt Boilers 
120 pounds pressure allowed and 75 K.W. 
electric A.C. generator complete. Capital 


Ice Co., Indianapolis, Indiana. 
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Well-known industrial instrument company 
desires to expand sales organization looking 
forward to post war activities. Splendid op- 
portunity for technically trained engineers, 
preferably those with experience in contact- | 
ing oil industry. Locations open are Houston, | 
New York, Baton Rouge, Pittsburgh, Phile- | 
delphia, Los Angeles, and San Francisco. 
Address: Box 450, c/o Petroleum Refiner, 
Houston, Texas. 








WANTED: Poly Plant Operators—Light 
Ends Operators—Instrument Men—Metal 
Inspector— pers: For new Aviation 
Gasoline Refinery consisting of Catalytic 
Cracking, Alkylation, and Isomerization 
units. Location, Middlewest. In reply sive 
detailed outline of previous experience, 
education, draft status, and required earm- 
ings for 48-hour week. Address: Box 5% 


c/o Petroleum Refiner, Houston, Tex@® | 
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